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SUMMARY 
1 For EPA Method 7D , an integrated, metered sample is ex- 

tracted via a heated probe postioned at a point within the duct 
or stack. The sample is passed through a series of 3 restricted 
orifice impingers each containing an absorbing solution of sodium 
hydroxide (NaOH) and potassium permanganate (KMnO ). The absor- 
bing solution reacts wkth nitrogen oxides in - the gffluent gas to 
form nitrate ion, NO , and nitrite ion, NO . Nitrogen oxides 
(NO ) are the sum of htric oxide (NO) and nztrogen dioxide (NO ) 
"high are usually 19 to 1 by T?ie 
collected sample is allowed to sit for 36 hours prior t o  analysis 

to react completely to NO3 . Ion in order for the NO2 
chromatography is then used to quantify the NO which is 
functionally related to the NOx concentration of t8e effluent 
sample. 

weight in the emission stream. 
- - - 

The absorbing solution also reacts with carbon dioxide, CO , 
in the effluent sample. Therefore, EPA Method 3 determinatiok 
of C02 must be conducted with Method 7D in order to correct the 
Method 7D volumetric data for the volume of C02 absorbed. 

Ammonia, NH3, interferes with Method 7D by causing NO 
results to be biased high. Method 7D results can be correcte8 
for the bias using idata from concurrent determinations of NH3. 

Collection of the NO is presumed to involve oxidation - 
reduction - reactions in which the NO is oxidized sequentially to 
NO2 - and then to NOg . The half reactions for the formation of 
NO2 are: 

- + 2 H 2 0  + 38- = Mn02 + 4 0 H -  Reaction S-1 

Reaction S-2 
- Mn04 

3NO + 66H- = 3N02 + 3H20 + 38- 

and the overall reaction is: 
- 

3NO + Mn04- + 2 0 H -  = 3N02 + Mn02 + H20 Reaction S-3 
- 

The half reactions for the formation of NO3 are: 
- - 

3N02 + 60H- = 3N03 + 3H20 + 68- Reaction S-4 

2Mn04 Reaction S-5 - + 4Hz0 + 68- = 2Mn02 + 80H- 

and the overall reaction is: 
- - 

3N02 + 2Mn04 + H20 = 3N03- + 2M02 + 2 0 H -  Reaction S-6 

The - sum of Reactions S-3 and S-6 describes the reaction of NO 
to NO3 : 
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- - 
NO + Mn04 = NO3 + Mn02 Reaction S-7 

The rate of the reaction of NO to NO is controlled by the 
solubility of NO. - It takes - approxiiately 36 hours for the 
reaction of NO2 to NO3 to reach completion; the factors 
controlling this reaction are unknown. 

Absorption of NO is also presumed to involve an oxida- 
tion-reduction reactisn. In contrast to NO, NO is rather 
reastive; thus, it is ressonable to show NO2 reactina directly to 
NO3 . The half reactions are: 

Reaction S-8 

Reaction S-9 

- 

- 
3N02 + 60H- =  NO^ + 3 ~ ~ 0  + 38- 

+ 2H20 + 38- = MnOz + 40H- 
- 

Mn04 
and the overall reaction is: 

- - 
3 N 0 2  + Mn04 + 20H- = 3N03 + MnOz + H20 Reaction S-10 

The absorption of CO involves the simple acid-base reaction - 
with OH- to form bicarbogate ion, HCOQ : 

- co2 + OH- = H C O ~  Reaction S-11 

In the strongly basic absorbing solution, the bicarbonate ion 
reacts further to carbonate ion, C03 : - 

= - 
HC03 + OH- = H20 + Cog Reaction S-12 

Method 7D is applicable to the measurement of NOx emitted 

(a) fossil-fuel-fired steam generators subject to 40 CFR 

from sources in the following categories: 

Part 60, Subpart D; 

(b) electric utility steam generating units subject to 40 CFR 
Part 60, Subpart Da; and 

(c) nitric acid plants subject to 40 CFR Part 60, Subpart G. 

It may be used as an alternative to Method 7 [as defined in 
40 CFR Part 60.8(b)] to determine compliance if tfie stack concen- 
tration I s  within tKe analytical range. The lower limft of de- 
tsctability (with NO defined as NO 1 is approximately 13 mg NO / 
m of 560 
cc/min for 1 hour. The method's upper analytical limit has not 
been established; however, results of field evaluations have 
shown that NO cag be collected quantitatively at concentrations 
of 1,782 mg N8 /m (932 ppm NO ) when sampling is conducted at a 
flow rate of 580 cc/min for 1 #our. 

(7 ppm NOz) when gampling is congucted at a flow rate 
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follows is based on the method The method description which 
that was promulgated on September 27, 1984. 

Section 3.15.10 contains a copy of Method 7D, and blank data 
for the convenience of the forms are provided in Section 3.15.12 

Handbook user. 
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METHOD HIGHLIGHTS 

Section 3.15 contains the required procedure for sampling and 
analyzing emisofons of nitrogen oxides from stationary sources 
using Method 7D. F o r  the method, an integrated sample is taken 
from- a -'point in the duct or stack using a heated probe 
constructed of bo osilicate glass, stainless steel, or Teflon'? 
The effluent sampl stream is passed through a series of three 
restricted orifice impingers, each containing 200 r n l  of a 4.0% 
(w/w) KMnO and 2.0% (w/w) NaOH solution, termed "alkaline 
permanganatg solu ion. 'I The alkaline permanganate solution 
quantitatively r e m  ves NO,, CO , and SO from the eff_luent sample 
stream and convert these to i8ns: NO '2and NOg , CO , and SO , 
respectively. Sampling is conductgd at a measused flow rtte 
between 400 and 500 cc/min for 60 minutes. The measured flow 
rate is on a moisture- and CO -free basis, and consequently, when 
the method is applied to efflzents from combustion processes, the 
measured flow rate will be less than the sampling flow In 
addition, sampling for CO must be conducted using Method 3 in 
conjunction with Method 73 in order to correct the volumetric 
data for the volume of C02 absorbed. 

A f t e r  acquisition, the sample i s  allgwed to sit for a m i n i m u m  
of 36 hours $0 ensure that the NO has been quantitatively 
reacted to NO . Sample preparation enaails destruction of the 
excess permaaganate and filtration of the solid, rnangpese 

quantified using ion chromatography (IC). 

- - i - 

rate. 

reaction product, manganese dioxide (Mn02). NOx as NO3 is 

Ion chromatography is a relatively recent analytical develop- 
ment. The reader is refegggg to the literatyre for detailed 
descriptions of the subject. Small, et al., developed the 
technique using the principles of ion exchEgrchromatography and 
conductimetric detection. Previous attempts to use this type of 
detection were unsuccessful because of the presence of the 
background electrolyte used for elution of the ionic species. 
Small, g. ,  used a novel combination of resins to separate the 
ions of interest and neutralize the eluent from the background. 

The aqueous sample is introduced into a fixed-volume sample 
loop by using a plastic syringe. Once injected, the sample is 
carried through a separation column at different rates according 
to their relative affinities for the resin material and are 
therefore separated into discrete bands. The separated ions are 
then passed through a post-separation suppressor device which 
converts the eluent ions into a less conducting weak acid while 
converting the analyte ions into a highly conducting form. This 
permits the use of a conductivity cell as a very sensitive 
detector of all ionic species. 

Gjerde, et al., l2 described a modified ion chromatographic 
method that e'limiztes the need for a suppressor device. Anions 

# I  

1 

:\ 
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are separated on a column containing an anion-exchznge resin w i t h  
a low exchange capacity. Because of the low capacity, a very 
dilute solution of an aromatic organic acid salt may be used as 
the eluent. The conductance of the eluent is sufficiently low 
that no suppression is needed. 

For Method 7D, either suppressed or non-suppressed IC may be 
used. The basic ion chromatograph will have the following 
components: 

(a) sample injection device, 

(b) anion separation column, 

(c) anion suppressor column, either packed bed or fiber type 
(not required for non-suppressed IC), 

(d) conductivity detector, and 

( e) recorder. 

The critical aspects of the method are (a) the measurement of 
the gaseous sample volume, and (b) the preparation of the 
calibration standards for the ion chromatograph. Analysts are 
advised to observe specified procedures carefully at these points 
of the method. Ahalysts performing the method should be well 
trained in the use of the ion chromatograph. 

Collaborative testing has been performed for Method 7D and 
the resul$g exhibit accuracy and precision similar to that of 
Method 7. 

The approporiate blank data forms at the end of this section 
may be removed from the Handbook and used i n  the pretest, on- 
site, and in posttest operations. -Each form has a subtitle to 
assist the user in finding a similar filled-in form in the metbod 
description. On the blank and filled-in forms, the items/ param- 
eters that can cause the most significant errors are designated 
with an asterisk. 

1. Procurement of Apparatus and Supplies 
Section 3.15.1 (Procurement of Apparatus and Supplies) gives 

specifications, criteria, and design features for the required 
equipment and materials. The sampling apparatus of Method 7D has 
design features similar to those of Method 6. Section 3.15.1 can 
be used as a guide for procurement and initial checks of 
equipment and supplies. The activity matrix (Table 1.1) at the 
end of the section is a summary of the details given in the text 
and can be used as a quick reference. 

2. Pretest Preparations 
Section 3.15.2 (Calibration of Apparatus) describes the 
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required calibration procedures and considerations for the Method 
7D sampling equipment (essentially the same as Method 6) and for 
the ion chromatograph (the same as for Method 7 A ) .  Required 
accuracies for each component are also included. A pretest 
checklist (Figure 2.5, Section 3.15.2) or a similar form should 
be used to summarize the calibration and other pertinent pretest 
data. The calibration section may be removed along with the 
corresponding sections from the other methods and made into a 
separate quality assurance reference manual for use by personnel 
involved in calibration activities, 

Section 3.15.3 (Presampling Operations) provides the tester 
with a guide for equipment and supplies preparation for the field 
test. With the exception of the preparation of certain reagents, 
these are the same as for Method 6 and Method 3. A pretest 
preparation form (Figure 3.1, Section 3.15.3) can be used as an 
equipment checkout and packing list. The method of  packing and 
the use of the described packing containers should help protect 
the equipment, but neither is required by Method 7D. 

Activity matrices for the calibration of equipment and the 
presampling operations (Tables 2.1 and 3.1) summarize the activ- 
ities. 

3. On-Site Measurements 
Section 3.15.4 (On-Site Measurements) contains step-by-step 

procedures for sample collection and for sample recovery. Sample 
collection is similar to Method 6, with the exception that the 
alkaline permanganate solution is placed in restriced orifice 
impingers and the CO content of the stack gas must be determined 
to correct removed by the sampling 
train. The on-site measurement checkhst (Figure 4.4, Section 
3.15.4) provides the tester with a quick method checking the 
on-site requirements. Table 4.1 provides an activity matrix for 
all on-site activities. 

the samp?e volume for the CO 

of 

4. Posttest Operations 
Section 3.15.5 (Postsampling Operations) gives the posttest 

equipment procedures and a step-by-step analytical procedure for 
determination of NO , expressed as NOz. The posttest Operations 
form (Figure 5.4, Sestion 3.15.5) provides some key parameters to 
be checked by the tester and laboratory personnel. The 
step-by-step analytical procedure description can be removed and 
made into a separate quality assurance analytical reference 
manual for the laboratory personnel. Analysis of a control 
sample is required prior to the analysis of the field samples. 
This analysis of independently prepared, known standards will 
provide the laboratory with quality control checks on the 
accuracy and precision of the analytical techniques, Strict 
adherence to the Method 7D analytical procedures must be 
observed. 
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Section 3.15.6 (Calculations) provides the tester with the 
required equations, nomenclature, and significant digits. It is 
suggested that a calculator be used, if available, to reduce the 
chances of calculation error. 

Section 3.15.7 (Maintenance) provides the tester with a guide 
for a maintenance program. T h i s  program is not required, but 
should reduce equipment malfunctions. Activity matrices (Tables 
5.1, 6.1, and 7.1) summarize a l l  postsampling, calculation, and 
maintenance activities. 

5. Auditing Procedure 
Section 3.15.8 (Auditing Procedures) provides a description 

of necessaw activities for conducting performance and system 
audits. The performance audit of the analytical phase can be 
conducted using audit samples supplied by the Quality Assurance 
Division, Environmental Monitoring Systems Laboratory, U. S. 
Environmental Protection Agency. The data processing procedures 
and a checklist for a systems audit are also included in t h i s  
section. Table 8.1 is an activity matrix for conducting the 
audits. 

Section 3.15.9 (Recommended Standards for Establishing 
Traceability) provides the primary standard to which the analysis 
data should be traceable. The primary standard is sodium nitrate 
( NaN03 ) . 
6. Ref erencss 

Section 3.15.10 contains the promulgated Method 7D; Section 
3.15.11 contains the references cited throughout the text; and 
Section 3.15.12 contains copies of data forms recommended for 
Method 7D. 
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PRETEST SAMPLING CHECKS 
(Method 7D, Figure 2.5) 

Date Calibrated by 

Meter box number 

Dry Gas Meter* 

Pretest calibration factor (Y) = (within 2% of 
average factor for each calibration run). 

Rotameter 

Pretest calibration factor (Y ) or setting = 
(between 400 and 500 cc/minT. 

D r y  Gas Meter Thermometer 

no yes - Was a pretest temperature correction made? - 
If yes, temperature correction (within a°C (5.4zF) of 
reference values for calibration and within 6 C (10.8 F) of 
reference values for calibration check). 

Barometer 

no yes - 
(within 2.5 mm (0.1 in.) Hg of mercury-in-glass barometer). 

Was the pretest field barometer reading correct? - 

*Most significant items/parameters to be checked. 
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Apparatus check 

Probe 
Type liner 
Glass 
Stainless 
steel 

Other 
Heated properly* 
Leak checked 

Filter 
Glass wool 
Other 

Glassware 
Restricted 
orif ice 
impinger 
size 
Type  

M- 
Leak-free pumps* 
Rate meter* 
D r y  gas meter* 

CO Measurement 
&at 
Fyrite 

Reagents 
Water 
Alkaline per- 
manganate* 
Silica gel 

Other 
Barometer 
Drying tube 

- 

(Method 7D, Figure 3.1 ) 

Loaded 
Acceptable Quantity Ready and packed 
Yes No required Yes No Yes 1 No 

I 

1 
1 ,  
I 

I 

I 
I 

*Most significant items/parameters to be checked. 
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ON-SITE MEASUREMENTS 
(Method 7D, Figure 4.4) 

Sampling 

Impinger contents properly selected , measured, and placed in 
impingers?* 

Impinger Contents/Parameters* 

1st: 200 ml of KMn04/NaOH 

2nd: 200 ml of KMn04/NaOH 

3rd: 200 ml of KMn04/NaOH 

Drying tube: 6-16 mesh indicating type silica gel 

Probe heat at proper level?* 

Crushed ice around impingers? 

Pretest leak check at 250 mm (10 in.) Hg? 

Leakage rate? 

Check of rotameter setting? 

Probe placed at proper sampling point? 

Flow rate constant at approximately 450 cc/min?* 

C02 concentration measured?* 

Posttest leak check at 250 mm (10 i n . )  Hg?* 

Leakage rate?* 

Sample Recovery 

Contents of impingers placed in polyethylene bottles? 

Fluid level marked?* 

Sample containers sealed and identified?* 

*Most significant items/parameters to be checked. 
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POSTTEST OPERATIONS 
(Method 7D, Figure 5.4) 

Reagents 
Potassium nitrate dried at 105 to llO°C for a m i n i m u m  of 2 hours 
before use? 
Stock standalrB’+ golution (potassium nitrate) less than 2 months 
old? 

Sample Preparation 
Has liquid level noticeably changed?* 
Original volume Corrected volume 

Analysis 
Standard calibration curve prepared?* 
Reagent blanks made from absorbing solution? 

Same injection volume for both standards and samples? 
Duplicate sample values agree within 5 percent of their mean? 

Audit sample analytical results within 10 percent of true value? 

~ ~~ ~ 

All analytical data recorded on checklist and laboratory form? 

* Most significant items/parameters to be checked. 
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1.0 PROCUREMENT OF APPARATUS AND SUPPLIES 

The procurement of appropriate apparatus and supplies enables 
quality results to be obtained from Method 7D. T h i s  section 
provides the user with information which complements the two 
sections of Method 7D, entitled “Apparatus” and nReagents.w The 
information is offered in the form of guidance and includes the 
following: 

o Procedures for use in checking whether apparatus conforms 
with the requirements of the Method 7D and corrective 
actions for when it does not (Table 1.1 at the end of this 
section summarizes these procedures and also contains 
recommended corrective actions). 

o Background information which can explain why specific ap- 
paratus and reagents are required, and therefore, what 
limits may exist for alternatives or deviations. 

o Practical information pertinent to the selection and use 
of apparatus and reagents. 

o Safety considerations. 

Persons responsible for the initial procurement of apparatus 
and supplies may find a procurement log helpful in ensuring that  
all the necessary items are acquired and are in good working 
order. A procurement log can be used to record the descriptive 
title of the equipment, the quantity, an identification number 
(if appropriate), and the results of acceptance checks. An 
example procurement log is shown by Figure 1.1, a blank copy of 
this form is contained in Section 3.15.12 for the Handbook user. 
Calibration data obtained during acceptance checks also should be 
recorded in a calibration log book; see Section 2.0. 

1.1 Sampling Apparatus 

Figure 1.2 shows the sampling train for Method 7D. It should 
be noted that this sampling train is very similar to that used 
for Method 6. Several of the components and their use’ are 
identical, including: 

o Needle Valve 
o Drying Tube 
o Vacuum Pump 
o Parts of the Metering System 

This subsection addresses the specifications needed for procure- 
ment purposes for all components of the sampling train and 
associated apparatus. 

1.1.1 Sampling Probe - Method 7D specifies that sampling 



Item description 

Oty. 

I 

I 

Purchase 
order 
number 

774131 

Vendor 
nate 

Ord. I Rec . 'Cost I Disposition Comments 

Figure 1.1. Example of a procurement log. 
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Figure 1.2.  Method 7 D  sampling tra in .  
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probes are to be constructed bf borosilicate glass. The method 
also states that probes made of either stainless steel or Teflon" 
are acceptable. Quartz probes (for example Vyco&'") mag be used 
for sampling when effluent temperatures exceed 480 (900 F). 

i 

The function of the probe is rather simple: to transport a 
representative effluent sample, cleaned of particulate matter, to 
the impinger train. To perform this function, the probe should: 

(a) hold a filter to remove particulate matter, including 
sulfuric acid mist; 

(b) be constructed of a material that is unreactive toward I 

NOx ; 

(c) be free from leaks; 

(d) be sufficiently long to enable samples to be acquired 
from the specified points(s) within the stack or duct; 

(e) have provisions for being heated in order to prevent 
condensation of water vapor in the effluent sample: and 

(f) be designed to connect to the inlet of the impinger 
train. 

The three materials identified above are unreactive toward NO . 
The appropriate length for the probe is determined primarily & 
its intended application which will depend upon regulatory 
requirements and the dimensions of the stack or duct where the 
measurements are to be made. 

Sampling probes are generally provided with electrical heating 
systems consisting of a nichrome wire which is wrapped around the 
probe. The probe and heating system are, for protection, placed 
within a tightly fitting tube, referred to as a sheath. The 
heating system should be capable of preventing condensation of 
water vapor in the effluent sample stream during sampling. 
Condensation is not desired, because water absorbs NO and lpwers 
NO, results. Additionally, if a stainless steel &be is used, 
condensation will promote corrosion which shortens probe lifetime 
and makes cleaning difficult. 

It is recommended that probes be performance checked before 
initial use in the field to ensure that condensation can be pre- 
vented. The probe should first be visually checked for cracks or 
breaks and then checked for leaks according to the procedure 
described in Section 3.15.3 of this Handbook. Then the probe 
heating system should be checked as follows: 

1. Connect the probe (without filter) to the inlet of the pump. 
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2. Electrically connect and turn 
3 minutes. If functioning properly, 
touch. 

on the probe heater for 2 or 
it will become warm to the 

3. Start the pump, and adjust the needle valve until a flow 
rate of between 400 and 500 cc/min is achieved. 

4. Check the probe. It should remain warm to the touch. The 
heater must be cgpable 8f maintaining the exit air temperature at 
a minimum of 100 C (212 F) under these conditions. If it cannot, 
the probe should be rejected. Any probe not satisfying the 
acceptance check should be repaired, if possible, or returned to 
the supplier. 

The connection between the probe's outlet and the impinger 
train may be a simple fitting or an additional length of tubing. 
Any connection should be leak-free. In addition, the connection 
should be constructed of borosilicate glass, stainless steel, or 
Teflonm, and therefore, like the probe be unreactive toward NOx. 
Lastly, if tubing is used, provisions should exist to prevent 
condensation of water vapor upstream of the impinges train during 
sampling. A heating system for the connection is not required if 
the probe's heating system can supply enough heat to the effluent 
sample. 

1.1.2 Restricted Orifice Impingers - The sampling train requires 
the use of three restricted orifice impingers connected in 
series. Figure 1.3 shows one of these -impingers, which are 
commercially available. 

13 
The restricted orifice impinger is specifically designed to 
promote the complete collection of NO, which is relatively 
unreactive. Two design features are important: (a) the length of 
the liquid column, and (b) the size of the impinger's stem tip. 
The impingers used for Method 7D are narrower than Greenburg- 
Smith impingers in order to provide a greater depth of absorbing 
reagent and, hence, to increase the reaction time of the sample 
gas in the absorbing reagent, Because of the narrow opening of 
the stem tip, the effluent sample is introduced into the 
absorbing reagent as smaller bubbles. Smaller bubbles promote 
the reaction of NO because of their greater surface-to-volume 
ratio and thus, greater exposure to the absorbing reagent. 

Impingers with stem tips restricted to less than 1.5 mm 
internal diameter are easily plugged by reaction products. The 
problem typically affects only the first impinger of the sampling 
train because: (a) most of the NO and CO , and (b) all the 
sulfur dioxide, if present, a d  reacted ghere. The plugging 
problem can be minimized by making the length of the capillary 
tubing as short as practical. Plugging also can be minimized by 
keeping stem tips clean. Reaction products in the stem tips can 

Impinger design is important to obtain quality results. 



45/50 

DIMENSIONS: mm 

35 - 
CAPILLARY 
TUBING - 
1.5 I.;\ 

3-5 

t 

I 

Section No. 3.15.1 
D a t e  April 16, 1986 
Page 6 

. 270 

405 

Figure 1.3. Restricted orifice impinger. 
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be removed by immersion in either 3 percent by volume hydrogen 
peroxide solution [3% (v/v) H 0 (aq),] or 3M hydrochloric acid 
solution [HCl (as)]. CAUTION? Chlorine (C12) gas is evolved 
during the use of the HC1; therefore, cleaning operations should 
be conducted in a fume hood. The H O2 solution is identical to 
the absorbing solution used for Methgd 6. 

It is recommended that each impinger upon receipt be checked 
visually for damage, such as breaks or cracks, and for manufac- 
turing flaws, such as poorly shaped connections. 

Other nonspecified collection absorbers and sampling flow 
rates may be used, subject to:the approval to the Administrator, 
but collection efficiency must ' b e  shown to be at least 99% for 
each of three test runs and must be documented in the emission 
test report. F o r  efficiency testing, an extra absorber must be 
added and analyzed separately and must not contain more than 1% 
of the total NO . Three Greenburg-Smith design impingers may be 
sufficient to pgovide adequate collection efficiency. 

1.1.3 Vacuum Pump - The vacuum pump should be capable of main- 
taining a flow rate of approximately 400 to 500 for prmrp 
inlet vacuums up to 250 mm (10 in.) Hg with the pump outlet near 
standard pressure, [i.e., 760 mm (29.92 in.) Hg]. The pump must 
be leak free when running and pulling a vacuum (inlet plugged) of 
250 mm (10 in.) Hg. Two types of vacuum pumps are commonly used: 
either a modified sliding fiber vane pump or a diaphragm pump. 
For safety reasons, the pump should be equipped with a three-wire 

cc/min 

. electrical cord. 

To check the pump for leaks, install a vacuum gauge in the 
Pump inlet line. Plug the inlet line, and run the pump until the 
vacuum gauge reads 250 mm (10 in.) Hg of vacuum. Clamp the pump 
outlet line, and turn off the pump: the vacuum reading should 
remain stable for 30 seconds. 

1.1.4 Volume Meter - The dry gas meter must be capable Of 
measuring total volume with an accuracy to within 28, calibrated 
at the selected flow rate (between 400 and 500 cc/min), and must 
be equipped with a temperature gauge (dial thermometer, 08 
equivabent) capable of measuring the gas temperature to within 3 
C (5.4 F). 

A new dry gas meter may be checked for damage visually and by 
performing a calibration according to Section 3.5.2 of this 
Handbook. Any dry gas meter that is damaged, behaves errati- 
cally, or does not give readings within +2% of the selected flaw 
rate for each calibration run is unzatfsfactory. Also upon 
receipt, the meter should be calibrated over a varying flow range 
to see whether there is any effect on 

Dry gas meters that are equipped 

the calibration; 5 '  

with temperature csmpensa- 
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tion must be calibrated over the entire range of temperatures 
that the meter encounters under actual field conditions. Thp, 
calibration must contain at least one data point at each loo? 
interval. All temperatures that are to be used in the field must 
be within 2% of the calibrated value. 

The wet test meter used to check the dry gas meter should be 
calibrated using the primary displacement technique explained in 
Section 3.5.2 of this Handboo$. wetgtest meter must have a 
capacity of at least 0.0003 m /min (0.1 ft / m h )  with an accuracy 
of +2%; otherwise at the higher flow rates, the water will not be 
levzl and this possibly will result in an incorrect reading. 

1.1.5 Rotameter - A rotameter, or its equivalent, with a range 
of 0 to 1 L/min is used to monitor the sampling flow rate. The 
rotameter is checked against the calibrated dry gas meter with 
which it is to be used or against a wet test meter. The rota- 
meter flow setting of about 450 cc/min should be determined. 

Changes in pressure, density, and viscosity of the sample gas 
will affect the calibrated sample rate. However, since sampling 
is performed at a constant rate, which need not be isokinetic, 
these changes do not affect the sample volume measured by the dry 
gas meter. \ 

1.1.6 Needle Valve - A metering valve with conveniently sized 
fittings is required in the sampling train to adjust and control 
the sample flow rate. It is recommended that the needle valve be 
placed on the vacuum side of the pump. 

1.1.7 Drying Tube - The drying tube should be packed with 6- to 
16-mesh indicating-type silica gel, or equivalent, to dry the 
sample gas and to protect the pump and the meter. A drying tube 
can be made by filling a 10-m polyethylene tube with silica gel 
and packing glass wool in each end to hold the silicia . gelk atid 
protect the sampling system. Plastic tubing can be utilized iri 
any connections downstream of the impinger train without 
affecting the sampling results. The drying tube should have a 
minimum capacity of 30 to 50 g of silica gel and should b 
visually checked before use for proper size and for damage. ’ 

The 

-_ 

If ghe siliga gel has been used previously, it must be driekl 
at 175 C (350 F) for 2 hours. New silica gel may be used as 
received. Other types of desiccants may be used subject W 
approval of the Administrator. 

1.1.8 Metering System - For ease of use, the metering system-- 
which contains the dry gas meter, thermometer(s), vacuum pump, 
needle valve, and rotameter--can be assembled into one unit 
(meter box). After a meter box has been either constructed or 
purchased, then positive and negative pressure leak checks should 
be performed. 
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The positive pressure leak check, similar to the procedure 
described in Method 5 (Section 3.4) of this Handbook, is per- 
formed as follows: 

1. Attach rubber tubing and inclined manometer, as shown in 
Figure 1.3 of Section 3.4.1. 

2. Shut off the needle valve, and apply positive pressure to 
the system by blowing into the rubber tubing until the inclined 
manometer or magnehelic gauge reads from 12.5 to 17.5 cm (5 to 
7 in.) H20. 

3. Pinch off the tube, and observe the manometer for 1 
minute. A loss of pressure indicates a leak of the apparatus in 
the meter box. 

After the meter box apparatus has passed the positive leak 
check, then the negative leak check should be performed as 
follows: 

1. Attach the vacuum gauge at the inlet to the drying tube, 

2. P i n c h h l a m p  the outlet of the flow meter. This can be 

3. Turn off the pump. Any deflection noted in the vacuum 

and pull a 250 mm (10 in.) Hg vacuum. 

accomplished by c osing the optional shutoff valve i f  employed. 

reading within 30 seconds indicates a leak. 

4. Carefully release the vacuum gauge before releasing the 

If either of these checks detects a leak that cannot be cor- 
rected, the meter box must be rejected and/or returned to the 
manufacturer. 

flow meter end. 

The dry gas meter must be equipped with a temperature gauge 
(dial thermometer or equivalent). It is recommended that upon 
receipt this be checked visually for damage, S U C ~  as deBts or a 
.bent stem. The thermometer should read within 3 C (5.4 F) of the 
true value when checked at t w o  different ambient temperatures 
against a mercury-in-glass thermometer that conforms to ASTM E-1 
No. 63C or 63F. The two ambient temperature8 usedoto calibrate 
the thermometer must differ by a minimum of 10 C (18 F). Damaged 
thermometers that cannot be calibrated are to be rejected- 

1.1.9 Barometer - A mercury, aneroid, or other barometer 
capable of measuring atmospheric pressure to within 2.5 m 
(0.1 in.) Hg may be used. However, in many cases, the barometric 
pressure can be obtained from a nearby National Weather Service 
Station, in which case the station value (which is the absolute 
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barometric pressure) should be requested. The tester should be 
aware that the pressure is normally corrected to sea level by the 
weather station; the uncorrected readings should be obtained. A n  
adjustment for differences in elevation of the weather station 
and the sampling location is applied at a rate of -2.5 mm Hg/30 m 
(-0.1 in. Hg/100 ft) of elevation increase, or vice versa for 
elevation decrease. 

Accuracy can be ensured by checking the field barometer 
against a mercury-in-glass barometer or its equivalent. If the 
field barometer-eannot be adjusted to agree with the mercury- 
in-glass barometer, it is not acceptable. 

1.1.10 Vacuum Gauge - At least one 760-mm (29.92-in.) Hg gauge 
is necessary to leak check the sampling train. An acceptable 
vacuum gauge, when checked in a parallel leakless system with a 
mercury U-tube manometer at 250-mm (10-in.) Hg vacuum, will agree 
within 25 mm (1.0 in.) Hg. 

1.2 Sample Recovery Apparatus 

1.2.1 Wash Bottles - Two 500-mi polyethylene or glass wash 
bottles are needed for quantitative recovery of collected 
samples. / 
1.2.2 Storage Bottles - One 1-L polyethylene bottle is required 
to store each collected sample. A n  additional polyethylene 
bottle is necessary to retain a blank for each absorbing solution 
used in testing. Wash and storage bottles Should be visually 
checked for damage. CAUTION: Each storage bottle seal should be 
checked prior to use to ensure that leakage will not occur. 

1.2.3 Funnel and Stirring Rods - The analyst may find a glass 
funnel and glass stirring rods are helpful in transferring the 
absorbing reagent to and from the restricted orifice impingers. 
The flow of absorbing reagent can be controlled by pouring along 
the glass stirring rod. 

1.3 Apparatus for Sample Preparation and Analysis 

1.3.1 Magnetic Stirrer with Magnetic Stirring Bars - The 
magnetic stirrer and stirring bars are used for the removal of - 
excess permanganate ion. The stirring bars should be Teflon”- 
coated owing to the corrosiveness of the alkaline-permanganate 
solution. Stirring bars having dimensions 25 mm by 10 mm are 
recommended. Smaller stirring bars can be expected to be less 
efficient because of the resistance offered by the absorbing 
reagent, which is relatively viscous. 

Manual stirring is acceptable: however, being tedious and 
laborious, it is not recommended. 



Section Nc. 3.15.1 
Date April 16, 1986 
Page 11 

1.3.2 Filtering Flask - One filtering flask having a 500-ml 
capacity is needed to filter the liquid sample after the excess 
permanganate ion has been removed. 

1.3.3 Buchner Funnel - The Buchner funnel is used with the 
filtering flask for the filtering operations. A convenient size 
funnel is one with a 75-mm internal-diameter. The analyst may 
wish to attach a section of Teflon" tubing to the funnel's spout 
in order to prevent loss of sample via the side a m  of the flask 
during filtration. The use of a trap located between the 
filtering glask and the vacuum source is also recommended in 
order to prevent inadvertant sample losses. Upstream tubing 
connections for the trap should be Teflonm. 

1.3.4 Filter - Whatman GF/C glass microfiber discs are used in 
the Buchner funnel. For the funnel size recommended above, the 
applicable disc diameter is 7.0 cm. This filter is specified 
because it performs well on materials having a small particle 
size. The material filtered from the sample is primarily 
manganese dioxide which exists in very small particles when 
suspended in water. 

In general, other types of filters ,are kuitable owing 
either t o  clogging or-to their inability to filter the manganese 
dioxideqarticles effectively. The analyst should note %hat 
particulate matter must be removed from the sample in order to 
avoid damage to syringes and the ion chromatograph. 

I .  ~ 

~~ 

- -17375- -Va-cuum-Source pT AVacuUm 6ource is needed for the 
filtering operations. Either a water aspiration system or a 
vacuum pump can be used. If a vacuum pump is used, it should be 
protected by a trap installed at an upstream position. 

1.3.6 Funnel and Stirring Rods - The analyst may find a funnel 
and glass stirring rods are helpful in transfering the sample 
aliquot to the Erlenmeyer flask prior to removal of the excess 
permanganate ion. 

1.3.7 Volumetric Flask - One volumetric flask having the C&ass-A 
designation and a 250-ml capacity is needed for each sample and 
blank. As a practical matter, samples should be stored in the 
flasks for' a min&mum period of time owing to the fact that 
hydroxide ions (OH ) will attack the glass and can also cause 
frozen ground-glass fittings. 

1.3.8 Pipettes - A 50-ml Class-A pipette is needed for taking a 
sample aliquot. A 5-ml pipet is usually used for adding (not 
quantitatively) hydrogen peroxide to the sample aliquot in order 
to remove excess permanganate ion. ion ( OH- 8 

which is present in the sample, can attack glass, it is 
Because hydroxide 

recommended 
after use on 

I be analyzed, 

that analysts rinse pipettes with water immediately 
samples. If Quality Assurance Audit Samples are to 
additional pipettes (Class-A) may be needed. 
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1.3.9 Erlenmeyer Flasks - Erlenmeyer flasks having a 250-ml 
capacity are used for operations involving the removal of excess 
permanganate ion in the samples. 

1.3.10 Ion Chromatograph - An ion chromatograph (IC) is used for 
analyzing the samples. The instrument should, at a minimum, have 
the components described below. 

Columns - The IC should be equipped with an ion separator 
column capable of resolving nitrate ion (NO ) from sulfate ion 
(SO -), which may be found in s%nples acquired at 
fosh-fuel-fired steam generators. In addition, it should be 
capable of detecting and resolving nitrite ion (NO -). Either 
suppressed or nonsuppressed IC ' s may be used pgovided that 
performance meets the ab op criteria. Suppressed IC's should be 
equipped with an acid (H ) suppressor column in addition to the 
anion separator column. Suppressor columns (fiber preferred over 
packed bed) are generally produced as proprietory items; however, 
an acceptable column can be made using the resin available from 
BioRad Company, 32nd and Griffin Streets, Richmond, California. 

- Pump - The pump mu t be capable of maintaining a steady 
eluent flow as required b, \ the system. 

Flow Gauges - These must be capable of measuring the 
specified eluent flow rate. It is re'commended that the gauge be 
calibrated upon receipt. 

/' 

Conductivity Detector - It is recommended that the detector 
be calibrated according to manufacturer's procedures prior to 
initial use. 

Recorder - It should be compatible with the output voltage of 
the detector. 

1.3.11 Analytical Balance - One analytical balance that weighs 
to 0.1 mg and a set of Class-S calibration weights to check the 
accuracy of the balance (+0.3 mg) upon receipt are needed. The 
balance should be serviced or returned to the manufacturer if 
agreement cannot be met. 

1.4 Reagents - Unless otherwise indicated, it is intended that 
all reagents conform to the specifications established by the 
Committee on Analytical Reagents of the American Chemical Society 
(ACS), where such specifications are available; otherwise, use 
the best grade available. 

1.4.1 Sampling - For sampling, the following are needed. 
Absorbing solution - The absorbing solution is prepared by 

dissolving 40 .O g potassium permanganate (KMnOq) and 20.0 g 



Section No. 3.15.1 
Date April 16, 1986 
Page 13 

sodium hydroxide (NaOH) in 940 ml of water. The solution's 
concentration is 4.0 percent (w/w) -0 2.0 percent (w/w) 
NaOH. CAUTION: Extreme care should be taken in handling the 
KMn04 reagent and the absorbing solution. KMnOq is a strong 
oxidant and is incompatible with substances containing carbon 
such as paper, fabric, and human tissue. It is recommended that 
eye protection be worn when handling the absorbing solution. 
Skin exposed to the absorbing solution should be washed with 
plenty of water and until the exposed area no longer exhibits a 
soapy feeling . 

Water - Water should be used which conforms with ASTM 
specification D1193-82, Type 111, T y p e  I11 water is prepared by 
distillation, ion exchange, reverse osmosis, or a combination 
thereof, followed by polishing with a 0.45 vm membrane filter. 
The specifications for Type I11 water are shown below. 

Specifications for ASTM D1193 - 82, Typ e I11 Water 

Total matter, max., (mg/L) 1.0 

Electrical conduhivity. max, , - 1 , o  , 

(vmho/cm) at 25 C - 

(slmho/cm) at 25 C 
Electrical resisgifrity, min., 1.0 

-. . .  
I .  

pH at 25OC 

Minimum color retention time 10 

6.2 t o  7.5 

of KMnOq, (min) 

Maximum soluble silica, (vg/L) 10 

Note: Mention of "water" anywhere in this Section (3.15) refers 
to ASTM D1193-82, Type 111 Water as described above. By using 
water from the same source for making reagents, calibration 
standards, and eluents for the ion chromatograph, the presence of 
trace quantities of nitrate in the water. will be negated. 
Therefore, a water blank correction is not necessary in the 
development of the calibration curve. 

1.4.2 Analysis - F o r  analysis, the following reagents are 
required. 

Water - See Subsection 1.4.1 above. 

Hydrogen Peroxide - Five (5) percent (v/v) hydrogen peroxide 
30% (v/v) H202 (H 0 2 )  is used which is prepared by mixing 1 part 

w i h  5 parts water. 
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Reagent Blank - The reagent- blank may be prepared by dissol- 
ving 2.4 g KMnO and 1.2 g NaOH in 96 ml water. Alternatively, 
the blank may be arepared by diluting 60 ml of the absorbing 
reagent to 100 ml using water. 

Potassium Nitrate (KNO ) Standard Solution - The following 
procedure is observed to paapare the KN03 standard solution. 

at llO°C for about 2 hours: 
then transfer to a desiccator, and hlow to cool to laboratory 
temperature. 

1. D r y  an adequate amount of KNO 

2. Using an analytical balance, accurately weigh 9 to 10 g of 
the dried KNOB to the nearest 0.1 mg. 

3. Transfer the KN03 to a suitable such as a bea- 
ker, dissolve the KN03 in water, and transfer all of the KN03 
solution to a 1-L volumetric flask. 

container, 

4. Dilute the KN03 solution to the 1-L mark with water, 
- 

The NO concentrationqf the standard solution is calculated 
from th8 mass of KN03 using the following relationship: 

- 
NO Mass of KN03 

ConcenSration = (9) 
(u g/ml) 

Method 70 states that the KNO standard solution is stable for 2 
months without preservative 3at laboratory conditions. - Novice 
analysts should note that certain microbes feed on NOg solutions 
with the consequence for Method 7D being that NO results will be 
biased high. For this reason, standard soluqions should be 
disposed of after 2 months. 

Eluent Solution - For IC's involving suppressed 
techniqueg an eluent solution being 3 x 10'"M NaHCO and 
2.4 x 10- M Na CO has proved adequate for Methsd 7D 
applications. Thig Sluent is prepared by taking 1.008 g NaHC03 
and 1.018 g Na2C03 and dissolving them in 4 L w a t e r .  

used provided that they are capable of 
resolving NO3 from SO4 and other ions which may be present in 
samples. 

Other elugnts may be - 

Quality Assurance Audit Samples - Quality Assurance A u d i t  
Samples are required to be analyzed in conjunction with field 
samples. The audit samples for Method 7D are essentially the 
same as those described in Method 7, Section 3.3.9. Because the 
analytical range for Method 7D differ8 from that for Method 7 ,  
analysts requesting audit samples should specify that samples be 
applicable to Method 7D. 
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Frequency and method 
Acceptance l i m i t s  of measurement 

Table 1.1. ACTIVITY MATRIX FOR PROCUREMENT OF APPARATUS AND SUPPLIES 

Action i f  
requirements 
are not met 

Apparatus and 
supplies 

Capgble ofomaintaining 
100 C (212 F) e x i t  
air  at  flow rate of 
500 cc/min 

Sampling probe 
with heating 
sys tem 

Visually check and Repair, or 
run heating system return to  
checkout supplier 

Restricted 
o r i f i c e  
impingers 

flow rate of 400 t o  
500 cc/min; leak free 
at 250 mm (10 in.) H g  

Vacuum pump 
for le@--m~,capacity 
. 

Dry gas meter 

Upon assembly, leak 
check a l l  connections, 
and check cal ibrat ion 
by l iquid displacement 

Wet test meter As above 

Rotameter W i t h i n  5% of manufac- 
t u re r ' s  cal ibrat ion 
curve (recommended) 

Minimum capacity of 
30 t o  50 g of s i l i c a  
gel 

Drying tube 

- 

Check upon receipt for  Recalibrate. and 
damage, and calibrate construct a new 
(Sec. 3.15.2) against calibration curve 
wet test meter 

Visually check upon Return to  supplier 
receipt  fo r  damage and 
proper gize 

(continued) 

Capable of measuring 
t o t a l  volume within 
2% at a flow rate of 
500 cc/min 

Capable of measuring 
t o t a l  volume w i t h i n  
2% at a flow rate of 
500 cc/min 

Check fo r  damage upon 
receipt, and cal ibrate  
(Sec. 3.15.2) against 
wet test meter 

Return to  m u -  
f acturer 

As above 

Reject i f  dam- 
aged, behaves 
erratically, or 
cannot be 
properly adjusted 
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Table 1.1 (continued) 

Action i f  
requirements 
are not met 

Frequency and method 
~ - - -of measurement 

Apparatus and 
supplies Acceptance l i m i t s  

Within l0C (2OF) 
t rueovahe 18 the range 

fgr impigger and within 
3 C (5.4 F) for 
dry gks meter thermom- 
eter 

of 0 c to $5 c 
(32O to  77 F) 

Thermometers Check upon receipt for  
damage (i.e., dents and 
bent stem), and 
ca l ibra te  (Sec. 3.15.2) 
against mercury-in- 
glass thermometer 

Return to  
supplier i f  unable 
t o  calibrate 

~~ 

Barometer 
~ 

Determine cor- 
rection factor,  
or reject if 
difference is 
m o r e  than 2.5 mm 

Capable of measuring 
atmospheric pressure 
to  within 2.5 mm 
(0.1 in.) Hg calibrate 

Check against mercury- 
in-glass barometer or 
equivalent (Sec . 3.5.2) 

Vacuum gauge 0 t o  760 mm (0 to 
29.92 in.) Hg range, 
+25 mm (1.0 in.)  Hg 
accuracy at 250 mm 
(10 in.) Hg 

- 
Check against U-tube 
mercury manometer 
upon receipt 

Adjust, or re- 
turn t o  supplieL 

Wash bottles Replace, or re- 
turn t o  supplier 

Polyethylene or glass, 
500-mi 

Polyethylene, 1-L 

Visually check for 
damage upon receipt 

Visually check for dam- 
age upon receipt, and 
be sure  that caps seal 
Properly 

Storage 
bo t t l e s  

Upon recellpt. check fdr  
stock number, cracks, 
breaks, and manufac- 
turer flaws ,. 

Pipe t tes  and 
volumetric 
f lasks  

G l a s s ,  C l a s s - A  As above 

Check each lot or spec- 
ify type when ordering 

As above Water Must conform t o  ASTM- 
D1193-82, Type I11 

(continued) 
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Table 1.1 (continued) 

Apparatus and 
supp 1 ies 

Stopcock 
grease 

Analytical  
balance 

Ion Chroma- 
tograph 
1. columns 

2. Pump 

3. Flow 
gauges 

Acceptance l i m i t s  

High vacuum, high temp- 
e ra tu re  chlorofluoro- 
carbon grease 

Capable of measuring 
t o  +0.1 mg - 

1. Capable of giving 
nitrate ion  peaks with 
basel ine separation 

2. Capable of deliv- 
e r ing  eluent  at  con- 
stant and repeatable 
flow rate 

3. Capable of giving 
repeatable indicat ions 
of eluent  flow rate 

Frequency and method 
of measurement 

Visually check upon 
receipt 

Check with standard 
weights upon receipt 
and before each use 

1. Check during 
, analyses 

r .  

2. Check during 
analyses by monitor- 
ing flow rate 

3. Check ca l ib ra t ion  
and r epea tab i l i t y  
upon receipt 

Action i f  
requirements 
are not met 

~ 

Return to 
suppl ier .  and 
note  i n  procure- 
ment log 

Replace, or  
r e t u r n  t o  manu- 
f ac t u r e r  

1. Consult opera- 
tor ' s  manual; re- 
generate sup- 
pressor  column; 
clean separator 
column; check 
performance of 
components below: 
replace column ( s ) 
i f  above actions 
are unsuccessful 

2. Consult opera- 
tor's m a n u a l ;  
o i l ,  clean. re- 
repair, replace , 
or r e tu rn  to m a n -  
ufacturer:  check 
tubing of ion 
chromatograph f o r  
leaks or ob- 
s tructions ; 
check f l o w  meter 
performance 

3. Consult oper- 
ator's manual: 
adjust. repair. 
replace, or re turn  
to  manufacturer 

(continued) 
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Table 1.1 (continued) 

Apparatus and 
supplies 

4. Conduc- 
t i v i  t y  
detector 

5. Recorder 

Hydrogen per- 
oxide 

Potassium 
n i t r a t e  

Sodium carbonate 

Sodium bicarbon- 
ate 

Sodium hydroxide 

Potassium 
permanganate 

Acceptance l i m i t s  

4. Capable of giving 
responses which can be 
manually or electron- 
i c a l l y  integrated 
within a precision of 
5 percent 

5. As above, i f  used 
record responses for 
manual integration 

30% aqueous solution, 
ACS reagent grade 

ACS reagent grade 

ACS reagent grade 

ACS reagent grade 

ACS reagent grade 

ACS reagent grade 

Frequency and method 
of measurement 

4. Calibrate accord- 
ing t o  manufacturer ' s 
instructions pr ior  to  
use 

5 .  Check during 
analyses 

Check each l o t ,  or 
specify type when 
ordering 

As above 

As above 

As above 

As above 

As above 

Action i f  
requirements 
are not met 

4. Consult opera- 
t o r ' s  manual; 
Repair, replace 
or return t o  
manufacturer 

5 .  Consult opera- 
tor's manual; 
adjust  speed 

Replace or return 
to manufacturer 

- 
As above 

As above 

As above 

As above 

As above 
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2.0 CALIBRATION OF APPARATUS 

Calibration of the apparatus is one of the most important 
functions in maintaining data quality. The detailed calibration 
procedures included in this section were designed for the 
equipment specified in Method 7D and described in the previous 
section. Table 2.1 at the end of this section summarizes the 
quality assurance functions for calibration. All calibrations 
should be recorded on standardized forms and retained in a 
calibration log book. 

The calibration procedures and considerations addressed in 
this section are those which are unique to Method 7D. The 
sampling phase of Method 7D involves the use of equipment that is 
essentially the same as that used for Method 6. The analysis 
phase of Method 7D entails the use of an ion chromatograph, an 
instrument that also is used for Method 7A. The Handbook user 
should note that: (a) the standard used for Method 7 A  is sodium 
nitrate (NaNO , while for Method 7D the standard used is 
potassium nitrste (KNO ); and (b) sulfate ion (SO - )  peaks in ion 
chromatograms for Meshod 7D will have a less& tendancy to 
overlap and- - therefore t o  interfere with nitrate (NO - )  peaks 
because SO will exist at a lower concentration bscause it 
originates %nly from sulfur oxides in the effluent. 

2.1 Metering System 

2.1.1. Wet Test Meter - The wet test meter must be calibrated 
and have the proper capacity. For Method 7D, the wet test meter 
should have a capacity of at least 1 L/min- No upper limit is 
placed on the capacity: however, the wet test meter dial should 
make at least one complete revolution at the specified flow rate 
for each of the three independent calibrations. 

Wet test meters are calibrated by the manufacturer to an 
accuracy of +2%. Calibration of the wet test meter must be 
checked initiaily upon receipt and yearly thereafter. 

The following liquid positive displacement technique can be 
used to verify and adjust, if necessary, the accuracy of the wet 
test meter to - +2%: 

1. Level the wet test meter by adjusting the legs until the 
bubble on the level located on the top of the meter is centered. 

2. Adjust the 
in the  water level 

30 Adjust the 
by adding water to 

4. Set up the 
Figure 2.1. 

water volume in the meter so that the pointer 
gauge just touches the meniscus. 

water manometer t o  zero by moving the scale or 
the manometer. 

apparatus and calibration system as shown in 
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MANOMETER 

THERMOMETER 

ooo-ml LINE 

Figure 2.1. Calibration check apparatus for w e t  t e s t  meter. 
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a. Fill the rigid-wall 5-gal jug with water to below 
the air inlet tube. Put water in the irnpinger or 
saturator, and allow both to equilibrate to room 
temperature (about 24 hours) before use. 

b. Start water siphoning through the system, and 
collect the water in a 1-gal container, located in 
place of the volumetric flask. 

5. Check.operation of the meter as follows: 

a. If the manometer is reading (10 mm (0.4 in.) H20, 
the meter is in proper working condition. Continue 
to step 6. 

b. If the manometer reading is >10 mm (0.4 in.) H20, 
the wet test meter is defective. If the wet test 
meter is defective, and if the defects(s) (e-g., bad 
connections or joints) cannot be found and 
corrected, return it to the manufacturer for repair. 

6. Continue the operation until the 1-gal container is al- 
most full. Plug the inlet to the saturator. If no leak exists, 
the flow of liquid to the gallon container should stop. If the 
flow continues, correct for leaks. Turn the siphon system off by 
closing the valve, and unplug the inlet to the wet test m e t e r .  

7. Read the initial volume (V ) from the wet test meter 
dial, and record on the wet tes t  m&er calibration log, Figure 
2.2. 

8. Place a clean, dry volumetric flask (Class-A) under the 
siphon tube, open the pinch clamp, and fill the volumetric flask 
to the mark. The volumetric flask must be large enough to allow 
at least one complete revolution of the wet test meter with not 
more than two fillings of the volumetric flask. 

9. Start the flow of water, and record the maximum wet test 
meter manometer reading during the test after a constant flDw of 
liquid is obtained. 

10. Carefully fill the volumetric flask, and shut off the 
liquid flow at the 2-L mark. Record the final volume shown on 
the wet test meter. 

11. Steps 7 through 10 must be performed three times. 

Since the water temperature in the wet test meter and 
reservoir has been equilibrated to the ambient temperature and , 

the pressure in the wet test meter will equilibrate w i t h  the 
water reservoir after the water flow is shut off, the air volume 
can be compared directly with the liquid displacement volume. 



Wet test meter serial number 49-24-49 
Range of w e t  test meter flow rate  0-120 L / ~ Y I ~  
Volume of test f lask  Vs = 2.00 L 

Satisfactory leak check? ,ws 

F1 ask 

I 
Ambient temperature of equil ibrate l iquid In w e t  test meter and reservoir 7$*p 

Percent M a  nomet er Final In i t ia l  
T e s t  reading, a volume Nf), volume N i l ,  

number L L mm %O 

3 5 I 2.00 0 z. 00 

I err:r8 = 
volume (V,) , 

L 

Calculations : 

(+la)  L o -  5r I 

Signature of cal ibration person a 
< 
-5 
T-- 

I 

'Must be less than I 0  mm (0.4 in.) H20. 

Figure 2 . 2 .  Wet t a r t  meter aal ibration log. 
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Any temperature or pressure difference would be less than 
measurement error and would not affect the final calculations. 

The error should not exceed +1%; if this error magnitude is 
exceeded, check all connections-within the test apparatus for 
leaks, and gravimetrically check the volume of the standard 
flask. Repeat the calibration procedure, and if the tolerance 
level is not met, adjust the liquid level within the meter (see 
the manufacturer's manual) until the specifications are met. 

2.1.2 Sample Metering System - The sample metering system, con- 
sisting of the drying tube, needle valve, pump, rotameter, and 
dry gas meter, is initially calibrated by stringent laboratory 
methods before it is used in the field. The calibration is then 
rechecked after each field test series, This recheck requires 
less effort than the initial calibration. When a recheck 
indicates that the calibration factor has changed, the tester 
must again perform the complete laboratory procedure to obtain 
the new calibration factor. After the meter is recalibrated, the 
metered sample volume is multiplied by the calibration factor 
(initial or recalibrated) that yields the lower gas volume for 
each test run, 

Initial Calibration - The metering system should be calibra- 
ted when first purchased and at any time the posttest check 
yields a calibration factor that does not agree within 5% of the 
pretest calibration factor. A calibrated wet test meter 
(properly sized, with 21% accuracy) should be used to calibrate 
the metering system. 

The metering system should be calibrated in the following 
manner before its initial use in the field. 

1. Leak 
valve, pump, 

a. 

be 

C. 

d. 

0.  

check the metering system (drying tube, needle 
rotameter, and dry gas meter) as follows: 

Tegporarily attach a suitable rotameter (e.g., 0-40 
cm /min) to the outlet of the dry gas meter, and 
place a vacuum gauge at the inlet to the w i n g  
tube. 

Plug the drying tube inlet. Pull a vacuum of at 
least 250 mm (10 in.) Hg. 

Note the flow rate as indicated by the rotameter, 

A leak of <0.02 L/min must be recorded or leaks must 
be eliminated. 

Carefully release the vacuum gauge before turning 
off pump. 
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2. Assemble the abparatus,- as shown in Figure 2.3, with the 
wet test meter replacing the drying tube and impingers; that is, 
connect the outlet of the wet test meter to the inlet s ide  of the 
needle valve and the inlet side of the wet test meter to a sat- - _ - _  
urator which is open to the atmosphere. Note: Do not use a - 

' drying tube. 

3. Run the pump for 15 minutes with the flow rate set at 
450 cc/min to allow the pump to warm up and to permit the 
interior surface of the wet test meter to become wet. 

4. Colle&t the information required in the forms provided, 
Figure 2.4A (English units) or 2.4B (metric units), using sample 
volumes equivalent to at least five revolutions of the dry test 
meter. Three independent runs must be made. 

2-1. Record 
5. Calculate Y for each of the three runs using Equation 

the values in the form (Figure 2.4A or 2.4B). 

- 
yi - 

where : 
- 

yi - 

(Pm + &) (ta i 460°F or 273OC) Equation 2-1 vW 

Vd Pm (tw + 460°F or 273OC) 

ratio for each run of volumes measured by the wet 
test meter and dry gas meter. dimensionless 
calibration factor, 

volume measured by wet test meter, m3 ( ft3), 

barometric pressure at the meters, mm (in.) Hg, 

pressure drop across .the wet test meter, mm (in.) 

average temperature of dry gas meter, OC (OF), 

volume measured by the dry gas meter, m3 ( ft 1, and 

temperature of wet test meter, OC (OF). 

H p ,  

3 '  

6 .  Adjust and recalibrate or reject the dry gas meter if one 
or more values of Y fall outside the interval Y +O.O2Y, where Y 
is the average for three runs. Otherwise, the fi (calibration 
factor) is acceptable and is to be used for future checks and 
subsequent test runs. The completed form should be forwarded to 
the supervisor for approval, and then filed in the calibration 
log book. 
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Date 2/22/64 Calibrated by @CQ C b S k  Meter box number GG-1 Wet test meter number 181-4 
Barometer pressure, Pm - 2.9, 41 I in. Hg Dry gas meter temperature correction factor r / A  OF 

Wet test Dry teat meter 
meter gas gas volu e 

volume (~~1,' ft 3 
' (V,), b 

ft' Initial Final 

meter meter 
Wet test 

meter 
gas temp 

(t,) 9 

OF in. R ~ O  1 ft'/min 
Average 
gas temp 
(t&C 

Time 
of run 

a Dm expressed as negative number. 

8 b  
62 
64 

Dry teat meter 
Outlet 
gas temp 
(td0) 9 

OF 

76 
60 
80 

OF I min 

Average 
ratio 
(Y,) se  

Volume passing through meter. Dry gas volume ie minimum €or at leaat five revolutions of the meter. 

@ The average of t and t if using two thermometers; the actual reading if using one thermometer. 
di d 0  

The time it takes to complete the calibration run. 
With Y Refined as the average ratio of volumes for the wet test and the dry test meters, Yi = Y - +Q.Q2 Y for 

calibrntion and Yi - Y I M.05 Y for the postteet checks; thus, 

Vw (t, + 46O0F) [P. t ($/13.6)] Y1 + Yz + Y7 
V W V I  
l u m c o  
Q ~Q 
( D c o c t  

P- 
m * 0  vtl=1 

P O  

460°F) (Pm) (b 1) and Y =  3 = / ,O / f  . (Eq* 2, *i vd t t w  

With Yr def ined as the average ratio of volumetric measurement by wet teet meter to rotametar. 

Tolerance Y, 1 9 . 0 5  €or calibration and Y +0.1 for poattest checks. 2. z - 
I I 

Figure 2.4A. Dry gas meter calibration data form (English units). 



Date z,/zZ,/w Calibrated by 49 &SkV Meter box number EG-1 Wet 

Barometer pressure, P, - 79% 'in, ~g Dry gas meter temperature correction 

Wet test 
meter 
pressure 
drop 
(DJ , a 
mm A20 

61 4 
6s 4 
61 4 

test meter number / d - A  

Rota- Wet test Dry test meter Wet test Inlet: Dry test meter 
meter meter gas gas volume meter gas Outlet Average Time Average 

f 
setting vol y e  (V&b L gas temp temp gas temp gas temp of run ratio 
(Rs) , (Vm) 9 (tw), (td 1 s  ( t d  j ,  (t& (Y,),~ (Yr 1, 

i 0 i 

cc/min L Initial Final OC "C OC OC mi n 

Z d S  68 LOIS 0,7951 450 z70456 /OCb31 / 3 5 b ( $  22 ZY 2.4 
+50 291 YB? /40#3&2/71?.377 z z  2 8  z* z7.s 6 8  1, m3 0 3 7 ~  
450 301043 /B1*bfq Ul,634 ZZ 27 2 0  26,s- b6 1,024 L W  

a Dm expressed as negative number. 
Volume passing through meter. Dry gas volume is minimum for at least five revolutions of the meter. 
The average of t and t 

The time i t  takee to complete the calibration run, 
if ueina two thermometers; the actual reading i f  using one thermometer. 

di d 0  

e With Y defined as the average ratio of volumes for the wet test and the dry test meters, Yi = Y - +0.02 Y for 

catihratioa and ?i 9 Y 20.05 P for the posttest checke; thus, 

f With Y ,  natinad na tho warage ratio oe votumatric meanurament 
1 - +0.05 for calibration and Y - M.1 for-posttest Tolerance"Yr 

hv wet ' t m t  meter to rotmator. 
checks , 

Figure 2.4R. Dry gas meter calibration data form (metric unita). 
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Posttest Calibration Check - After each field test series, 
conduct a calibration check as in Subsection 2.1.2 with the 
following exceptions: 

been corrected that was present during testing. 
1. The leak check is not conducted because a leak'may have 

2. Three or more revolutions of the dry gas meter "may be 
used. 

3. Only two independent runs need be made. 

4. If a temperature-compensating dry gas meter was used, t$e 
calib6ation temperature for the dry gas meter must be within 6 C 
(10.8 F) of the average meter temperature observed during the 
field test series. 

When a lower meter calibration factor is obtained as a result 
of an uncorrected leak, the tester should correct the leak and 
then determine the calibration factor for the leakless system. 
If the new calibration factor changes the compliance status of 
the facility in comparison to the lower factor, either include 
this information in the report or consult with the Administrator 
for reporting procedures. If the calibration factor does not 
deviate by >5% from the initial calibration factor Y (determined 
in Subsection 2.1.2), then the dry gas meter volumes obtained 
during the test series are acceptable. If the calibration factor 
does deviate by >5%, recalibrate the metering system as in 
Subsection 2.1.2; for the calculations, use the calibration 
factor (initial or recalibration) that yields the l o w e r  gas 
volume for each test run. 

2.2 Thermometer 

The thermometer(s) on the dry gas meter inlet used to measure 
the metered sample gas temperature should be initially compared 
with a mercury-in-glass thermometer that meets ASTM E-1 No. 63C 
or 63F specifications: 

1. Place the dial type or an equivalent. thermometsr and q e  
mercgry-in-gbass thermometer in a hot water bath, 40 C to 50 C 
(104 to 122 F). Compare the readings after the bath stabilizes. 

2. Allow both thermometers to come to room tenperature. 
Compare the readings after the thermometers stabilize. 

3. The dial type or eguivalegt thennometer is acceptable if 
(1) values agree within 3 C (5.4 F) at both points (steps 1 and 2 ' 
above) 06 (2) ig the temperature differentials at both points are 
within 3 C (5.4 F) and the temperature differential is tapedto 
the thermometer and recorded on the meter calibration form 
(Figure 2.4A or 2.4B). 

i I  

I 
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4. Prior to each field tripl, compare the temperature reading 
of the mercury-in-glass thermometer at room temperature with that 
of the thermometer that is part of the metering sgstem. &f the 
values or the corrected values are not within 6 C (10.8 F) of 
each other, replace or recalibrate the meter thermometer. 

2.3 Rotameter 

Method 7D recommends (optional) that the tester calibrate the 
rotameter prior to each test. Before being sent to the field, 
the rotameter should be cleaned and maintained according to the 
manufacturer's instructions. F o r  this reason, it is recommended 
(optional) that the calibration curve and/or rotameter markings 
be checked upon receipt and then routinely checked with the 
posttest metering system check. The rotameter may be calibrated 
as follows: 

1. Ensure that the rotameter has been cleaned as specified 
by the manufacturer and is not damaged. 

2. Use the manufacturer's calibration curve and/or markings 
on the rotameter for the initial calibration. Calibrate the 
rotameter as described in the metering system calibration of 
Subsection 2.1.2, and record the data on the calibration form 
(Figure 2.4A or 2.48). 

3. Use the rotameter for testing if the pretest calculated 
calibration is within 450 +25 cc/min. If, however, the calibra- 
tion point is not within 5%, determine a new flow rate setting, 
and recalibrate the system until the proper setting is 
determined. 

4. Check the rotameter calibration with each posttest 
metering system check. If the rotameter check is within 10% Of 
the 450 cc/min setting, the rotameter is acceptable. If, 
however, the check I s  not within 10% of the flow setting, 
disassemble and clean the rotameter, and perform a full 
recalibration. 

2.4 Barometer 

The field barometer should be adjusted initially and before 
each test series to agree within 2.5 mm (0.1 in.) Hg with a 
mercury-in-glass barometer or with the pressure value reported 
f r o m  a nearby National Weather Service Station and corrected for 
elevation. The tester should be aware that the pressure readings 
are normally corrected to sea level. The uncorrected readings 
should be obtained. The correction for the elevation difference 
between the weather station and the sampling point should be 
applied at a rate of -2.5 mm Hg/30 m (-0.1 in. Hg/100 ft) 
elevation increase, or vice versa for elevation decrease. 
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The calibration checks should -be recorded on the pretest 
sampling form (Figure 2.5). 

2.5 Analytical Balance 

The analytical balance used to weigh the reagents for the 
nitrate stock standard should be calibrated by the following 
procedure : 

1. Zero the balance. 

2. Place a 5-g Class-S weight on the balance. Record the 
balance reading for the 5-9 weight. 

3. Place a 10-g Class-S weight on the balance. Record the 
balance reading for the 10-g weight. 

4. The balance readings for the 5-g and 10-g weights must 
within 2 mg of the actual weights. 

5. If the balance readings are greater than +2 mg either of 
the actual weights, repair the balance or contzct the balance 
manufacturer. 

be 

2.6 Ion Chromatograph System 

2.6.1 Performance Check of the Ion Chromatograph - Method 7D 
states < should provide 

and should be able to resolve and 
t is recommended that the instrument 

adequate resolution of 

be performance check88 prior to initial use to ensure that the 
instrument can meet the above criteria. 

Method 7D does not quantify the criteria for acceptable 
instrument performance. The numerical limits and procedwes 
given below are offered from a purely techhical viewpoint. Their 
observance should ensure that the instrument conforms with the 
method, but should not be interpreted as a requirement. The 
preliminary consicbrations follow. 

detect nitrite ion (NO -). 

Conductivity Detbctor - Prior to its initial use, the con- 
ductivity detector of the ion chromatograph should be calibrated 
by the method described in the operator's manual. After t h i s  
initial calibration, a quality control sample should be analyzed 
to check the detector response. A quality control sample should 
be analyzed immediately after the initial calibration curve for 
each analytical run and the concentration compared to the values 
obtained for the same QC sample in the past. If the control 
limits are exceeded, the analysis must be stopped until the 
problem is found. 

Integrator - Many ion chromatographs are equipped with elec- 
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Date z/Zz/$e I Calibrated by [q 
Meter box number &6-/ 

/ 

Dry Gas Meter* 

Pretest calibration factor = 
for each calibration run). 

/ .OLD (within 2% of average factor 

Rotameter 

Pretest calibration factor (Y,) or setting = /,do (between 
400 and 500 cc/min). 

" . I  D r y  Gas Meter Thermometer 

Was a pretest temperature correction~mdde? Yes X no 

If yes, temperature correction (within 3 z C  (5.4Og) of 
reference values for calibration and within 6 C (10.8 F) of 
reference values for calibration check). 

Barometer 

Was the pretest field barometer reading correct? 
(within 2.5 mm (0.1 in.) Hg of mercury-in-glass barometer). 

yes n o  

. .  
*Most significant items/parameters to be checked. 

Figure 2.5. Pretest sampling checks. 
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tronic integrators which, if properly used, give results of 
greater accuracy and precision than manual techniques. (Manual 
techniques include quantification based upon measuring: (a) peak 
height, (b) peak area by triangulation, (c) peak area by multi- 
plying peak,height times the peak width at half-height, (d) peak 
area by cutting out the peak and weighing it on a balance, and 
( e )  peak area by planimetry.) However, an electronic integrator 
is a potential source of error if integration parameters are not 
set up correctly. For example, when the Hewlett Packard 3 3 9 0 A  
Recording Integrator is used in the peak area mode, the processes 
of recognizing and integrating peaks in the data signal depend 
upon the values chosen for PK WD and THRSH. If these two 
parameters are mismatched to each other or to the data signal, 
peaks will be missed by the integrator. The appropriate sections 
of the operator's manual should be read carefully before 
selecting and setting integrator parameters. 

Electronic integrators, used in the peak height mode, have 
been demonstrated to give equally good results as the peak area 
mode, and therefore, many laboratories have chdsen to use t h i s  
simpler method. 

The performance of the integrator in either mode should be 
checked using a quality control svple as dsscribed above. A 
second check of the integrator's performance can be made by com- 
paring its results to those obtained manually. If the integrator 
is functioning properly, results should agree within 5 percent. 

Sample Injection Device Contamination Check - The analyst is 
encouraged to check the sample injection device for contamination 
by injecting water before the calibration standards are 
analyzed. Contaminants will appear as peaks on the chromato- 
gram. Repeated injections of water should be used to remove 
contaminants from the sample injection device. If certain peaks 
remain after several injections, then the water may be con- 
taminated and should be replaced. 

Separation of Nitrate, NO - To ensure accurate results 
from - the ion chromatographic ana?ysis, baseline separation of the 

A iource 
of SO - In a sample may be sulfur dioxide present in the effluent 
stred sample. Figures - 2.6a ang - 2.6b show two chromatograms, one 

peaks,- and the other having 
baseline separation 09 the NOg and SO4 peaks. 

The analyst is encouraged to check the performance of the ion 
chromatograph system before analyzing - samples in order to ensure 
that baseline separation of NO3 

The ion chromatograph can be - performance checked using a 
solution containing NOg and-S04 for compliance purposes or a 
solution containing NOg , NO2 , and SO4 - if the nitrate is to 

- 
peak from the other ion peaks should be achieved. N03 

having overlapping NO and SO4, - 

is attainable. 
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Figure 2.6a. Example chromatogram having overlapping peaks. 

Figure 2.6b. Example chromatogram showing baseline 
separation of peaks. 
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be quantified. A solution that- will provide rigorous conditions 
involves the use of KN03 working standard solution (described in 
Section 3.15.5, page 3) and NO2 (if applicable) and SO4 
solutions, the preparation of which are addressed below. 

The SO solution is prepared as follows: Weigh out 0.231 of 
sodium sulfate (Na SO4),  and transfer Dissolve 
the Na SO in wateg, quantitatively transfer the solution to a 
250-ml2vo$umetric flask, and finally, dilute to the mark with 
water . 

- 

- - 
it to a beaker. 

The concentration of the solution is 625 ug SO =/ml. Sodium 
sulfate (Na SO4) is a component of the pusher salution in the 
Orsat appagatus used for Method 3. It is not special and has 
been chosen because of its probable availability. Other SO4 
reagents can be used. 

- 

If the nitrite is to be quantified, then separation of the 
nitrate peak should also be checked. To prepare the NO stock 
solution, first weigh out 52.5 mg sodium nitrite (Na302) and 
transfer it to a beaker. Dissolve the NaNO in water, 
quantitatively transfer it to a 250-1111 volumetr3c flask, ana 
finally, dilute to the mark with water. To prepare the NO2 
working solution, pipet 10.0 ml of the stock solution into a 
100-ml volumetric flask, and dilute to volume with water. The 
concentration of the‘working solution is 14 vg N02-/ml. 

To prepare the performance check solution, pipet 10 ml of the 
KNO working standard - solution, 8 ml of the SO solution, and 1 
ml 3 ~ f  the NO working solution (if applicable? into a 208-ml 
volumetric flgsk, and dilute to the mark with water. 

- 

- 

- 
The concentration of NO in the perfurrrtance check sample is 

7.5 v g NO -/ml, which carrespends to a NO level around the 
emission stsndard for  coal-fired. boilers subjfect to 40 CFR Part 
60, Subparts D or Da. This correspondence also is based on the 
assumptions that sampling is conducted for one hour at 500. ml/min 
and that the effluent sample is 12% (v/v) COz. 

The SO concentration of the performance check sampie is 
25 pg S04-fml, which corresponds to an SO level of roughly 1000 
ppm (for a one-hour sample acquired at 560 ml/min and containing 
12% (v/v) CO ). This concentration level should be more than 
adequate for  Zituations involving the application of Method 7D to 
sources subject to 40 CFR Part 60, Subpart- D; thus, it is 
recommended that analysts decrease the SO concentration in 
proportion to the SO levels expected for $he effluent. For 
example, if the efflueng concentratiqn of SO were 500 ppm, 5 ml 
(rather than 10 ml) of the SO4 solutgon would be used in 

- - 

- 

- 
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preparing the performance check sample. For applications 
upstream of flue gas desulfurization systems at sources subject 
to 40 CFR Part 60, Subpart Da, the opposite situation may exist, 
and it is recommended that the concentration of SO4 be increased 
accordingly. 

The NOZ- concentration of the performance check solution is 
0.07 vg NO /ml. This corresponds to 6 ppm NO for a one-hour 
sample acqu3red at 500 ml/min and containg 12% &/v) C02. 

The performance check solution should be analyzed with the 
calibration standards during the initial check of the ion 
chromatograph's calibrations. The same experimental conditions 
should be observed for the solution and the standards. F i E e  
2.7-provides -an - example chromatogram that shows where the NO2 , 
NOg , and SOq 

2.6.2 Preparation of Calibration Curve - Method 7 D  gives general 
instructions for preparing the calibration curve for the ion 
chromatograph. Accordingly, the method requires that: 

- 

- 

can be expected to elute. 

(a) at least four calibration standards be prepared: 

(b) the concentration range of the calibration standards 
cover the concentration range of the samples being 
analyzed: 

(c) the calibration standards be prepared from the KNO 
standard solution using pipettes having volumes 1.0 3 
or greater; 

(d) the calibration standards be analyzed and the results be 
interpreted in the same manner as for the samples being 
analyzed; 

(e) the results of the analyses of the calibration standards 
(in units of either peak height or peak area) should be - 

plotted versus the standards' concentrations ( in units  
of vg NO-; 

(f) the plotted points define a linear relation; 

(9) the calibration equation be determined from the points 
using linear regression; and 

(h) the calibration standards be analyzed twice in order to 
compensate for any drift in the response of the ion 
chromatograph. 

The method leaves to the analyst details including: 
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5 . 5  minutes 

3.7 minutes 

- 
N02 
1.4 minutes 

I 

Figure  2 . 7 .  Chromatogram showing resolution of nitrite, 
nitrate,  and su l fa te  peaks. 
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(a) the concentration values fo r  the individual calibration 
standards; 

(b) the degree of linearity of the calibration curve that 
will ensure quality results: and 

(c) the procedure to be used to compensate results €or "the 
i on  chromatograph's drift. 

Concentration values for calibration standards - The step-by 
step-procedures for preparing the calibration standards zud 
preparing the calibration curve are given in Section 3.15.5. 
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Table 2.1. ACTIVITIY MATRIX FOR CALIBRATION OF EQUIPMENT 

Apparatus 

Wet test meter 

Dry gas meter 

Dry gas meter 
thermometer 

Rotameter 

Barometer 

Analytical  
balance 

Acceptance L i m i t s  

Capacity of a t  least 2 
L/min and an accuracy 
within 1.0% 

Y. = Y+O.O2Y a t  a 
flow rate of about 
450 cc/min 

Within 3OC (5.4OF) 
of t r u e  value 

C l e a n  and maintain ac- 
cording t o  manufactur- 
er's instruct ions (re- 
qui red) ;  ca l ib ra t e  t o  
- +5% (recommended) 

Within 2.5 mm 
(0.1 in . )  Hg of 
mercury-in-glass bar- 
ometer or of weather 
s t a t i o n  value 

Weight within 2 mg of 
standard weights 
(Class-S) 

Frequency and method 
of measurement 

Calibrate i n i t i a l l y  and 
then yearly by l iqu id  
displacement 

Calibrate vs. w e t  test 
meter i n i t i a l l y  and 
when the posttest check 
is not within Y+O.O5 - 

Calibrate  each i n i t i a l l y  
as a separate component 
against a mercury- in- 
glass thermometer; after 
t r a i n  is assembled 
before each f ie ld  test. 
compare with mercury-in- 
glass thermometer 

I n i t i a l l y  and after each 
f i e l d  t r i p  

Cal ibrate  i n i t i a l l y  
using a mercury-in-glass 
barometer; check before 
and a f t e r  each f i e l d  
test 

U s e  standard weight be- 
fore preparation of 
working so lu t ion  

Action i f  
requirements 
are not net 

Adjust u n t i l  
specifications 
are m e t .  or re- 
turn t o  Eimu- 
f ac tu re r  

R e p a i r  and then 
recal ibrate ,  o r  
replace 

Adjust, deter- 
mine a mtant 
correction fact 
or reject 

Adjust and recal- 
ibrate, or reject 

A d j u s t  to agree 
w i t h  cer t i f ied 
barometer 

Repair or re turn  
to manufacturer 

(continued) 
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Frequency and method 
of measurement 

Table 2.1.  (continued) 

Action i f  
requirements 
are not met Apparatus 

Ion chromato- 
graph 

Acceptance L i m i t s  

Calibrate prior to  each 
set of sample analyses 

With each set  of' f i e l d  
samples; calibration 
standards prepared from 
potassium nitrate 

Interpret data 
using another 
technique: e.g . .  
i f  usingpeak 
height, change 
to peak area: 
analyze addition- 
a l  calibration 

brate conductiv- 
ity detector: 
consult oper- 
ator's manual 

standards; Cali- 
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3.0 PRESAMPLING OPERATIONS 

The quality assurance activities for presampling preparation 
are summarized in Table 3.1 at the end of this section, See 
Section 3.0 of this Handbook for detail8 on preliminary site 
visits . 
3.1 Apparatus Check and Calibration 

Figure 3.1 or a similar form is recommended to aid the tester 
in preparing an equipment checklist, status report form, and 
packing list. 

3.1.1 Sampling Train - The schematic for the NO sampling train 
is given in Figure 1.2. Commercial models opthis system are 
available. Each Individual or fabricated train must be in 
compliance with the specifications in Method 7D, Section 3.15.10. 

3-1.2 Probe - The probe should be cleaned internally by brushing 
first withtap water, then with deionized distilled water, and 
finally with acetone. Allow the probe to dry in the air. In 
extreme cases, the glass or stainless steel liner can be cleaned 
with stronger reagents; the objective is to leave the liner free 
from contaminants. The probe's heating syatem should be checked 
to see whether it is operating properly. The probe must be leak 
free when sealed at the inlet or tip and checked leaks at a 
vacuum of 250 IUXI (10 in.) Hg with the meter box. Any leaks 
should be corrected. The liner should be sealed inside the metal 
sheath to prevent diluent air from entering the source since most 
stacks are under negative pressure. 

for 

3.1.3 Restricted Orifice Impingers and Glass Connectors - All 
glassware should be cleaned with detergent and tap water, and 
then with reagent water, Any items that do not pass a visual 
inspection for cracks or breakage must be'repaired or discarded. 

3.1.4 D in Tubes - Drying tubes should be packed with 6- ts 

3.1.5 Valve and Rotameter - P r i o r  to each field trip or a% any 
sign of erratic behavior, the flow control valve and rotameter 
should be cleaned according to the maintenance procedure recom- 
mended by the manufacturer. 

16-mesh 3P----- s lica gel and sealed at both ends. 

3.1.6 Pump - The vacuum pump and oiler should be serviced as 
recommended by the manufacturer, every 3 months, or every 10th 
te8t (whichever comes first), or upon erratic behavior 
(nonuniform or insufficient pumping action). 

3.1.7 D r y  Gas Meter - A dry gas meter Calibration check should 
be made in accordance w i t h  the procedure in Section 3.15.2. An 
acceptable posttest check from the previous t e s t  is sufficient. 
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Loaded 
and p 
Yes 

Re i - 
Yes 
Y 
No 

Quantity 
required 

cked 
Nb Apparatus check 

Probe 
Type liner / 
Glass J 

s t a i n l e r  
steel 
- Other 

Heated properly* 
Leak checked 

Other 

Glassware 
Restriced 
orif ice 
impinger 
Size 
TYFJe 

J 

J 
rl 

Meter System 
Leak-free pumps* 2 

I 
I 

Rate meter* 
Dry gas meter* 

----IT- 
- 

/- I/ 

Reagents 
Water 
Potassium 

Silica gel 
permanganat e * 

Other 
Barometer 
Drying tube 

J 
/ 

* Most significant items/parameters to be checked. 

Figure 3.1. Pretest preparations. 
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3.1.8 Thermometers - The thermometers should be compared with 
the mercury-in-glass thermometer at room temperature prior to 
each field trip. 

3.1.9 Barometer - The field barometer should be compared with 
the mercury-in-glass barometer or with a National Weather Service 
Station reading prior to each field trip. 

3.1.10 CO Analysis - Method 3 sampling apparatus should be leak 
checkedT2nd the reagents should be checked to ensure freshness 
(see Section 3.2 of this Handbook). 

3.2 Reagents for Sampling 

of Method 7D: 
The following reagents are needed during the sampling phase 

3.2.1 Water - Deionized distilled water should conform to ASTM 
specification D1193-82, Type 111 (see Subsection 1.4.1 for 
detailed specifications). 

3.2.2 Potassium Permanganate/Sodium Hydroxide (KMn04/NaOH) 
Solution - Dissolve 40.0 g of KMN04 and 20.0 g of NaOH in 940 m l  
of water. 

3.3 Packaging Equipment for Shipment 

to protect it 
against rough handling during shipping and field operations. 

3.3.1 Probe - The inlet and outlet of the probe must be sealed 
and protected from breakage. A suggested container is a wooden 
case lined with polyethylene foam or other suitable packing 
material: the case should have separate compartments for indiv- 
idual devices. The case should be equipped with handles or eye 
hooks that can withstand hoisting, and should be rigid to prevent 
bending or twisting during shipping and handling. 

Equipment should be packed in rigid containers 

3.3.2 Impingers, Connectors, and Assorted Glassware - All impin- 
gers and glassware should be packed in a rigid container and 
protected by polyethylene foam or other suitable packing mater- 
ial. Individual compartments for glassware help to organize and 
protect each item. The impinger train may be charged and 
assembled in the laboratory if sampling is to be performed within 
24 hours. 

3.3.3 Drying Tubes and Volumetric Glassware - A rigid container 
lined with polyethylene foam material protects drying tubes and 
assorted volumetric glassware. 

3.3.4 Meter Box - The meter box, which contains the valve, 
rotameter, vacuum pwnp, dry gas meter, and thermometer( s), should 
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be packed in a rigid shipping container unless its housing is 
strong enough to protect components during travel. Additional 
pump oil should be packed if oil is required for operation. It 
is advisable to ship a spare meter box in case of equipment 
failure. 

3.3.5 Wash Bottles and Storage Containers - Storage containers 
arid miscellaneous glassware should be packed in a r ig id  
foam-lined container. Samples being transported in the 
containers should be protected from extremely low ambient 
temperatures (below freezing). 



Section No.  3.15.3 
Date Apri l  16, 1986 
Page 5 

Table 3.1. ACTIVITY MATRIX FOR PRESAMPLING OPERATIONS 

Operation 

Probe 

Restricted 
o r i f i c e  impin- 
gers and glass 
connectors 

Flow control 
valve and 
ro tame ter 

Vacuum pump 

Dry gas meter 

C02 analyzer 

Acceptance l i m i t s  

1. Probe l i n e r  f ree  
of contaminants 

2. Probe leak f ree  a t  
250 am (10 in . )  Hg 

3. No moisture conden- 
sation 

Clean and f ree  of 
breaks, cracks, etc. 

Clean and without sign 
of erratic behavior 
(ba l l  not moving) 

Maintain sampling rate 
of 400 t o  500 cc/min 
a t  a vacuum up to  
250 mm (10 in . )  Hg 

Clean end within 2% 
of calibration factor 

~ 

Leak-free and fresh 
reagents 

Frequency and method 
of measurement 

1. Clean probe inter- 
na l ly  by brushing with 
t ap  water, then deion- 
ized d i s t i l l e d  w a t e r ,  
then acetone: allow to 
dry i n  air before test 

2. Visually check for  
cracks before test 

3. Check out heating 
system i n i t i a l l y  and 
when moisture appears 
during tes t ing  

Clean with detergent,, 
tap water, and then 
with deionized dis- 
t i l l e d  water 

Clean prior t o  each 
field t r i p  or upon 
erratic behavior 

Service every 3 Po. or 
upon erratic behavior: 
check o i l e r  jars every 
10th test 

Calibrate according 
t o  Section 3.15.2; 
check f o r  excess o i l  
if oiler is used 

Leak check, and check 
reagents 

~~ 

Action i f  
requiremenx 
are not met 

1. Retrace 
cleaning pro- 
cedure and 
assembly 

2. Replace 

3. Repair 
or replace 

Repair or 
discard 

Repair or 
re turn to  
manufacturer 

As above 

As above 

(continued) 
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Frequency and method 
Acceptance l i m i t s  of measurement 

Table 3.1 (continued) 

Action i f  
requirements 
are not met Operation 

reagents 
Requires a l l  ACS grade 

Requires water on 
site 

Reagents 

Sampling Prepare new 
sealed containers I reagent 
Prepare and s to re  i n  

Quantity suf f ic ien t  to  re- 
cover sample after testing reagent 
and clean impingers pr ior  
t o  t e s t i n g  

Prepare new Sample recovery 

Pack i n  rigid con- 
ta iners  with poly- 
ethylene foam 

Package Equip- 
ment f o r  Ship- 
ment - 

As above 

Probe 

Sturdy container 
l ined with foam 

Meter box case and/or 
container t o  protect 
components, pack spare 
meter box and o i l  

Impingers, 
connectors, 
and assorted 
glassware 

As above As above 

As above A s  above 

Drying tubes , 
volumetric 
glassware 

Pack i n  r ig id  foam- 
l ined container 

Meter box 

As above Wash bot t les  
and storage 
containers 

Samples Protect from extreme 
cold (below freezing) 

As above 

I 

P r ior  t o  each shipment I Protect with poly- 
ethylene foam 

Repack 

As above 

As above I 
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4 - 0  ON-SITE MEASUREMENTS 

On-site activities include transporting the equipment to the 
test site, unpacking and assembling, sampling for nitrogen 
oxides, and recording the data. The quality assurance activities 
are summarized in Table 4.1 at the end of this section. 

4.1 Transport of Equipment to the Sampling Site 

The  most efficient means of transporting the equipment from 
ground level to the sampling site (often above ground level) 
should be decided during the preliminary site visit or by prior 
correspondence. Care should be taken to prevent damage to the 
equipment or Injury to test personnel during the moving. A 
laboratory area should be designated for preparing the absorbing 
reagents, charging the impingers, and sample recovery. 

4.2 Preliminary Measurements and Setup 

Method 7D outlines the procedure for determining the concen- 
tration of nitrogen oxides in the gas stream. The accuracy of 
the equipment that has been transported to the sampling site and 
that may have been handled roughly can be determined by making a 
one-point check of the rotameter reading against the dry  gas 
meter reading at the test site. Use Equation 3 in Figure 2.4A or 
2.4B, and substitute dry gas meter readings in place of wettest 

should bebetween 0.9 and meter readings (i.e., V = V ). 
1.1; if not, the meger bog has fost its rate or volume 
calibration. The tester can still use the meter box, butthe 
data should not be released for decision making until a post-test 
rscalibration has been made. If the d r y  gas meter calibration 
factor did change, the dry gas meter volumes may have to be 
corrected. Record the test identification number on the sampling 
data form, Figure 4.1. 

yr 

4.3 SamDlina 

The on-site sampling includes the following steps: 

1. Preparation and/or addition of the absorbing reagents to 
the impingers. 

2. 

3. Connection to the electrical service. 

Setup of the sampling train. 

4. Preparation of the probe (leak check of entire sampling 
train and addition of particulate filter). 

5. Check of rotameter setting. 

6. Insertion of the probe into the stack. 
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P l a n t  name &ev 23btzt 
Location Boi& Mo. 3 
Operator KeM LQdek- 
Probe length/material 6 1  ass- 4% 
Meter box no. EE -1 
Sampling point location (s) ,! 35h &Q po.tA 
Rotameter setting #COtc /m/k 

city C o a l  &d , iY7- 
Date 3 1518 +/ 
Sample no. - 4 P - /  
Probe setting Zro'F 
Meter factor ( Y )  L O Z  
Bar press mm ( in . )  Hg 
Rotameter check? #gycC/m,h @E) 

Zf9/ 

- 
%ercent deviation = 'm 'rn x 100 (must be less than 10 percent). 

V avg 

Figure 4 .1 .  Field sampling data form for NOx. 



7. 

8 .  

9. 

10. 

11. 

A final 
ling. 
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Sealing of the port. 

Check of the temperature of the probe. 

Sampling. 

Measuring the C02 concentration. 

Recording of the data in Figure 4.1. 

leak check of the train is always performed after samp- 

4.3.1 Preparation and/or Addition of Absorbing Reagents to 
Collection System - Absorbing reagents can be prepared on site, 
if necessary, according to the directions in Subsection 1.4.1. 

1. Use a pipette or a graduated cylinder to introduce-200 ml 
of alkaline permanganate (KMnOq/NaOH) solution into each of the 
three impingers. 

2. Place in the sampling train a drying tube that has new or 
regenerated silica gel. 

4.3.2 Assembling the Sampling Train - After assembling the 
sampling train as shown in Figure 1.2, perform the following: 

1. Adjust probe heater to operating temperature- Place 
crushed ice and water around the impingers. 

2. Leak check the sampling train just prior to use at the 
sampling site (not mandatory) by temporarily attaching a 
rotameter (capacity of 0 to 40 cc/min) to the outlet of the dry 
gas meter and placing a vacuum gauge at or near the probe inlet. 
Plug the probe inlet, pull a vacuum of at least 250 mm (10 in.) 
Hg, and note the flow rate indicated by the rotameter. A leakage 
rate < 2% of the average sampling rate is acceptable. Note: 
Carefclly release the probe inlet plug before turning off the 
pump. It is suggested (but not mandatory) that the pump be leak 
checked separately, either prior to or after the sampling run. 
If prior to the run, the pump leak check shall precede the leak 
check of the sampling train. If after, the’pump leak check shall 
follow the train leak check. To leak check the pump, proceed as 
follows. Disconnect the drying tube from the probe impinger 
assembly. Pull a vacuum of 250 tram (10 in.) Hg. Plug or pinch 
off the outlet of the flow meter, and then turn off the pump. 
The vacuum should remain stable for at least 30 seconds. 

3. Place a loosely packed filter of glass wool in the end of 
the probe, and connect the probe to the first impinger. 

4.3.3 Rotameter Setting Cneck (Optional) - After leak checking 
the sampling train, disconnect the probe from the first impinger, 
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and connect the filter (optional). The filter i s  a tube 
containing approximately 20 g of 5-Angstrom molecular sieve to 
remove the NO from the ambient air. Start the pump, and adjust 
the flow to t#e rotameter setting to be used during the sampling 
run. After the flow has stablized, start measuring the volume 
sampled, as recorded by the dry gas meter and the sampling time. 
Collect sufficient volume to measure accurately the flow rate, 
and calculate the flow rate. The average flow rate must be less 
than 500 cc/min for the sample to be valid; therefore, it is 
recommended that the flow rate be checked as above prior to each 
run. Record the sampling rate on the data form. 

4.3.4 Sampling (Constant Rate) - Sampling is performed at a 
constant rate between 400 and 500 cc/min as indicated by the 
rotameter during the entire sampling run. The procedure is as 
follows: 

of 

1. Record the initial dry gas meter readings, barometer 
Double check reading, and other data as indicated in Figure 4.1. 

the dry gas meter reading. 

2. Position the tip of the probe at the sampling point, 
connect the probe to the first impinger, and start the pump. 
Warning: If the stack is under a negative pressure of >250 mm 
(10 in.) H20 while disconnected from the impinger, the probe 
should be positioned at the sampling point, the sample pump 
turned on, and then the probe immediately connected to the 
impinger to prevent the impinger solutions from being siphoned 
backwards. 

3. Adjust the sample flow to the preselected flow rate (400 
to 500 cc/min) as indicated by the rotameter. 

4. Maintain a constant rate within 10% during the entire 
sampling run, and take readings .(dry gas meter, temperatures at 
dry gas meter, and rate meter) at least every 5 minutes. 

5. Refer to emission standards for minimum sampling time 
and/or volume. (For example, the Federal standard for f,ossil 
fuel-fired steam generators specifies a minimum sampling time of 
60 minutes; for relative accuracy tests, when the SO concen- 
tration is greater than 1200 ppm, the sampling time sho8ld be 30 
minutes.) A quick calculation can be made after half the 
sampling time to guarantee that the sampling rate will not exceed 
500 cc/min. 

6. During sampling, measure the C02 content of the stack gas 
near the sampling point using Method 3. The single-point grab 
sampling procedure is adequate, provided the measurements are 
made at least three times (near the start, midway, and before 
theend of a run) and provided the average C02 concentration is 
computed. An Orsat (which is highly recommended) or JFyrite 
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analyzer may be used for this analysis. The results should be 
recorded on the data form (Figure 4.1). 

7. Turn off the pump at the conclusion of each run, remove 
the probe from the stack, and record the final readings. Warn- 
ing: Again, if the stack is under negative pressure, d i s c o z t  
the probe first, and turn off the pump immediately thereafter, 

8. Conduct a leak check, as described in Subsection 4.3.2 
(mandatory). 

9. Calculate the sampling rate. The sample volume ( A V ~ )  for 
each point should be within 19% gf the average sampling volume 
for all points, and the average sampling rate for the test should 
be less than 500 cc/min. If the average sampling rate exceeds 
500 cc/min, the sample collection efficiency may be affected. 

4.4 Sample Recovery 

transfer of the impinger contents and the 
connector washings to a polyethylene storage container. This 
transfer should be done in the "laboratory" area to prevent 
contamination of the test sample. 

After completing the final leak check, disconnect the 
impingers, and transport them to the cleanup area. Cap off the 
impinger section with the use of polyethylene or equivalent caps 
before transport to the cleanup area. Transfer the contents of 
the impingers into a labeled, leak-free polyethylene sample 
bottle. Rinse the three impingers a couple of times and the 
connecting tubes once with 3- to 15-ml portions of water. Add 
these washings to the same sample bottle, and mark the fluid 
level on the side. Place about 100 ml of the absorbing reagent 
(KMn04/NaOH) in a polyethylene bottle, and label it for use as a 
blank during sample analysis (once for each test). An example of 
a sample label is shown in Figure 4.2. 

Method 7D requires 

Plant Acme P o w w  %n4- city C o a l k d ,  M T  
/v/OY 

. 
site &'Gv No. 3 Sample type 

Date 3//5-/64 Run number 
Front rinse 0 Front filter Front solution 
Back rinse 0 Back filter 0 Back solution .. 

Level masked J m 

2 

X 
k 

E 

Solution KMv 0, jNa Ufl 

Cleanup by &4 b h P  
volume: Initiai 6 0 0 d -  Final 642 M L  a 

-_ - -~ ~ 

Y 
Solution Kflv 0, , , - - -,. 
Volume: Initial ~ e 
Cleanup by &4 b h P  2 

Figure 4.2, Example of a sample label. 



Section NO. 3.15.4 
Date April 16, 1986 
Page 6 

4.5 Sample Logistics (Data) and Packing Equipment 

The sampling and sample recovery procedures are followed 
until the required number of runs are completed. Log all data on 
the Sample Recovery and Integrity Data Form, Figure 4.3. If the 
impingers, and connectors are to be used in the next test, they 
should be rinsed with water, and a new drying tube should be 
inserted into the sampling trian. At the completion of the test: 

1. Check all sample containers for proper labeling (time, 
date, location, number of test, and any other pertinent documen- 
tation). Be sure that a blank has been taken. 

2. Record all data collected during the field test in 
duplicate by using carbon paper or by using data forms and a 
field laboratory notebook. One set of data should be mailed to 
the base laboratory, given to another team member, or given to 
the Agency. Hand carrying the other set (not mandatory) can 
prevent a very costly and embarrassing mistake. 

3. Examine all sample containers and sampling equipment for 
damage, and pack them for shipment to the base laboratory, being 
careful to label a l l  shipping containers to prevent loss of 
samples or equipment. 

4. Make a quick check of the s’ampling and sample recovery 
procedures using the data form, Figure 4.4. 
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Sample 
number 

Liquid Stored Sample Date 
in locked 

number recovery marked container 
identification of level 

3 
Blank 

Sample 
identification 

number 

Signature of field sample trustee - 

Date Liquid Stored 
of level in locked 

analysis marked container 

Laboratory Data Checks 
Lab person with direct responsibility for recovered samples c* 

Blank I 

Date recovered samples received 3//11./6 
Analyst 5ff s,w;?s6empr I 

I I 

Sample 
number 

2 I I I 1 

Remarks 

Figure 4.3. Sample rec 
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Sampling 

Impinger contents properly selected, measured, and placed in 
impingers?* J 

Impinger Contents/Parameters* 

1st: 200 ml of KMn04/NaOH J 
2nd: 200 ml of KMn04/NaOH 

3rd: 200 ml of KMn04/NaOH 

c/ 

/ 
tube: 6- to 16-mesh silica gel 

Probe heat at proper level?* / 
Crushed ice around impingers? /74-’ h o f  &9 d 

/ 

Pretest leak check at 250 mm (10 in.) Hg? J 

Leakage rate? 0,OD 4 L-/hi4 
, 

Check of rotameter setting? 

Probe placed at proper sampling point? 

+57 CG/fijhr 

/ 

Flow rate constant at approximately 450 cc/min?* / 

C02 concentration measured?* / 

Leakage rate? P.QO6 L/lE9/L 

Posttest leak check at 250 mm (10 in.) Hg?* / 

! 

Sample Recovery 

Contents of impingers placed in polyethylene bottles? d ,  
Fluid level marked?* /- 

Sample containers sealed and identified?* / 

3 Most significant items/parameters to be checked. 

Figure 4.4. On-site measurements. 

I \.’ .f k’ 
; / I  ” 
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Table 4.1. ACTIVITY MATRIX FOR ON-SITE MEASUREMENT CHECKS 

~ ~- 

Activity 

Preparing and/ 
or adding 
absorbing 
reagents 

Assembling 
the sampling 
t r a i n  

Sampling (con- 
s t a n t  rate) 

Acceptance l i m i t s  

Add 200 m l  of KMn04/ 
NaOH t o  the impingers 

1. Assemble t o  specf- 
f icat ions i n  Fig. 1.2 

2 .  A leakage rate 
of <2% of the average 
sam&ing rate 

1. Within 10% of 
constant rate 

2.  Minimum accepta- 
ble  t i m e  is.60 min 
and sampling rate 
less than 500 cc/min 

3. Less than 2% leak- 
age rate at  250 mm 
(10 in . )  Hg 

4. Determine C02 
content 

Frequency and method 
of measuregent 

Add 40.0 g of KHnO and 
20.0 g of NaOH to 440 m l  
of water 

1. Before each sampling 
run 

2 .  Leak check before 
sampling (recommended) by 
attaching a rotameter to 
dry gas meter outlet, 
placing a vacuum gauge 
at  or near probe in le t .  
and pulling a vacuum 
of - > 250 (10 in.) ~g 

1. Calculate % devia- 
t i on  for each sample 
using equation in 
Fig. 4.1 

2. Make a quick calcu- 
l a t i o n  prior to comple- 
t i o n  and an exact  calcu- 
l a t i o n  after corpletion 

3. Leak check after 
sampling run (mandatory) ; 
use same procedum 
as above 

4. Measure C02 content 
using Method 3 

Action i f  
. r e q u i m t s  
'are not met 

Reassemble col- 
lect ion q - s t e m  

1. Reass6ble 

. . -  
2 .  Correct the 
leak 

1. R e p e a t  the 
sampling. or 
obtain accep- 
tance f r a  a 
representative 
of the 
Administrator 

2 .  A s  above 

3. As abwe - 

4. As abow! 

(continued) 
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Activity 

Sample log is t ics  
(data)  and 
packing of 
equipment 

Acceptance l i m i t s  

1. A l l  data  are re- 
corded correctly 

2. A l l  equipment ex- 
amined fo r  damage and 
labeled f o r  shipment 

3. A l l  sample con- 
t a iners  properly 
labeled and packaged 

Frequency and method 
of measurement 

1. Visually check upon 
completion of each run 
and before packing 

2 .  A s  above 

3. Visually check upon 
completion of test 

Action i f  
requirements 
are not m e t  

1. Complete 
the da ta  form 

2. Redo test 
if damage 
occurred during 
testing 

3. Correct when 
possible 
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5.0 POSTSAMPLING OPERATIONS 

The postsampling operations for Method 7D include an apparat- 
us check, a barometer check, sample preparation, and sample 
analysis by ion chromatography. The procedures for the apparatus 
check and the barometer check are the same as in Method 6. These 
procedures are detailed in Section 3.5.5 in the Quality Assurance 
Handbook for Air Pollution Measurement Systems, Volume I11 and 
are not discussed here. The procedures for sample preparation 
and sample analysis are described here. Table 5.1 provides a 
checklist summarizing the postsampling procedures. 

5.1 Sample Preparation 

Sample preparation should not be started until the required 
36-hour - conversion - time has elapsed for compIete conversion of 
NO2 to NOg . When using Method 7D for relative accuracy testing 
of continuous emission monitors, the sample can be prepared 
immediately if the nitrite in the sample is quantitated using the 
procedures described in Section 5.2. The liquid level in the 
sample container should be checked to determine if sample has 
been lost during shipment. If a loss bas occured. the 
appropriate steps should be taken to correct for the loss. The 
sample is prepared for ion chromatography by precipitating the 
excess pennanganate as manganese dioxide (Mn02). A 5% (v/v) 
hydrogen peroxide (H 0 ) solution is used to reduce the 
permanganate .to MnO . precipitate is removed by vacuum 
filtration and the hltered s o h i o n  is volwnetrically diluted 
prior to chromatographic analysis. 

5.1.1 Sample L o s s  Determination and Correction - Before preparing 
the sample, it must be allowed the full 36-hour conversion time. 
Compare the liquid level in the sample container to the mark on 
the container. If a noticeable amount of sample has been lost, 
use the following procedure for correcting the sample volume: 

$he MnO 

1. Mark the new level of liquid on the sample container. 

2. Transfer the sample to a 1-liter volumetric flask (Vsoln), 
and rinse the container with water. 

3, Fill the sample container with water to the initial sample 
level. Transfer the water to a graduated cylinder, and determine 
the original sample volume (VSoln ) . 

i 
4. Fill the sample container with water to the final sample 

level. Transfer the water to a graduated cylinder, and determine 
the final sample volume (VSoln 1. 

f 
5 .  If 

%oln 1 by 
is less than Vsoln , correct the sample volume 

Vsolnf using Equation 5-1: i 
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'soln - - 'soln 'solni 

'solnf 
sample volume to be used for 
volumetric flask volume, ml, 

Equation 5-1 

calculations, ml, 

initial sample volume placed 
and 

in sample container, ml, 

final sample volume removed from container, ml. 

6. Both the corrected and uncorrected values should be sub- 
mitted in the test report to the Agency. 

5.1.2 Permanganate Precipitation, and Filtration - After the 
required 36-hour conversion tmriod for the samDle has elaDsed and 
the sample container has bee i  checked for sampie loss, th;? sample 
can be quantitatively transfered to a l-liter volumetric flask. 
(If the correction for sample loss has already been made, the 
sample should already be in a l-liter volumetric flask.) The 
procedure for precipitating the excess permanganate is as 
follows : 

1. Dilute the sample in a l-liter volumetric flask (Vsoln 1 
to volume with reagent water, and mix well. 

2. Take  a 50-ml aliquot (V ) of the sample from the l-liter 
volumetric flask, and transfer tfle aliquot to a 250-ml Erlenmeyer 
flask containing a Teflon-coated stirring bar. If the Nox 
concentration is low, a 100-ml aliquot may be taken to increase 
the instrument response, 

Stir the sample as fast as possible without splashing any 
of the sample out of the flask. 

3. 

4. Add a 5% H 0 solution in 5-ml portions while stirring 
until the permangafia8e color disappears, 

5. Stop stirring and allow the precipitated manganese 
dioxide to settle. If the solution is clear, then enough H O2 
has been added. If the permanganate color persists in he 
solution, then continue the H 0 addition in 5-ml portions until 
a clear solution is produced gfzer settling. 

6. Assemble the Buchner funnel and filter flask. The spout 
of the Buchner funnel may be fitted with a length of Teflon 
tubing to minimize the probability of sample loss by aspiration 
during filtration. 
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7. Place a piece of GF/C filter paper (or an equivalent type 
of filter paper) in the Buchner funnel. Wet the paper with 
water, and seal the filter by applying a vacuum to the flask. 

80 Quantitatively transfer the precipitated sample solution 
to the filter, and filter the solution. Wash the Erlenmeyer 
flask and the solid material on the filter with water four times, 
and collect the washings with the filtered solution. 

9. Quantitatively transfer the filtered solution from the 
Dilute to volume filter f l a s k  to a 250-1111 volumetric flask (Vb). 

with water. 

10. Prepare a reagent blank by repeating steps 2 through 9 
on a diluted sample of the alkaline-permanganate absorbing 
solution. 100 ml With 
water, and use 50 ml in step 2. 

Dilute 60 ml of the absorbing solution to 

5.2 Sample Analysis by Ion Chromatography 

F o r  Method 7D, the basic components and the operation of the 
ion chromatograph are the same as for Method 7A. A discussion of 
the ion chromatograph can be found in Section 3.14.2 of M e t b o d  
7A. The analyst should be familiar with the operater's manual 
for his particular ion chromatograph system. In this section, 
the preparation of'calibration standards, the use of quality 
assurance audit samples, the analysis procedure, and the data 
reduction and reporting are described. 

5.2.1 Preparation of Calibration Standards - The accuracy of the 
ion chromatographic analysis, as in any analysis, depends 
directly on the accuracy of the prepared calibration standards. 
The use of proper pipetting procedures, described in Method 7A, 
Section 3.14.5, and a properly dried, reagent grade standard are 
necessary to obtain quality results from the analysis. The 
preparation of the NO3 calibration standards is as follows: 

1. D r y  approximgtely 15 g of potassium nitrate (KNO ) in an 
oven at 105 to 110 C for 2 hours. (Sodium nitrate can SlsD be 
used provided the difference in the formula weight is considered 
in the subsequent calculations.) Allow the dried KN03 to cool to 
room temperature in a desiccator before weighing. 

2. Calibrate an analytical balance with a 5-9 Class-S 
calibration weight and a 10-g Class-S calibration weight to 
within 2 mg. Accurately weigh 9 to 10 g of dried KN03 to w i t h i n  
0.1 mg. 

3. Dissolve in reagent water, and dilute so 1 liter in a 
Class-A volumetric flask. Calculate the exact NO3 concentration 
using the following formula: 
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Equation 5-2 ug NOg-/ml = g of KN03 x 10 3 - 62.01 
101.1 

The stock standard solution should be stable for 2 months if 
precautions, such as refrigeration, are used to prevent d e n -  
position by nitrate-utilizing microorganisms. 

4. Prepare a fresh working standard solution for each set of 
analyses by pipetting 5 ml of stock standard solution into a 
200-ml Class-A volumetric flask. Dilute to volume with water. 

5. Prepare a series of four calibration standards from the  
fresh working standard solution. Pipet 1.0 ml, 3.0 ml, 5.0 nl, 
and 10.0 ml into a series of four 100-ml Class-A volumetric 
flasks. Dilute to volume with reagent water. The concentration 
of the calibration standards made from a 9.7823 g KNO /liter 
(6000 pg N03-/ml) stock standard solution would be 1.5, 4.8, 7.5, 
and 15.0 vg N03-/ml. 

The calibration standard concentrations cited above are used Fn 
the example employing Figure 5.1, the analytical data form for 
analysis of calibration standards. 

The calibration standards for nitrite quantitation are 
prepared when Method 70 is used for relative accuracy testing of 
continuous emission monitors. A stock NO2 standard solution is 
(1) prepared with NaNO of known purity or (2) analyzed before 
use. Do not oven dry thg NaN02. Dissolve 52.5 mg of NaNO in 
water and dilute to volume in a 250-ml Class-A xolumetric f l h .  
A series of four calibration standards with NO concentrations 
of 1.4, 4.2, 7.0, and 14.0 g NO ‘/ml are pre3ared by pipetting 
1.0, 3.0, 5.0, and 10 ml of stocg NO standard into four 100-11 
Class-A volumetric flasks. The d2- calibration standards are 
diluted to volume with water. 

5.2.2 
ibration standards can be assessed by analyzing 

Quality Assurance Audit Samples - The accuracy of the cal- 
nitrate standard 

solutions prepared by an outside laboratory with the concentra- 
tions unknown to the analyst. For making compliance deterhim- 
tions, 8 set of two Quality Assurance Audit Samples are obtained 
from the U. S , Environmental Protection Agency, Environmental 
Monitoring Systems Laboratory, Quality Assurance Division, Source 
Branch, Mail Drop 77A, Research Triangle Park, NC 27711. (The 
analyst should notify the Quality Assurance Officer or the 
responsible enforcement agency at least 30 days in advance of the 
need for quality assurance samples, The analyst must also 
specify that the quality assurance samples are for MethoU 7D.) 
The concentrations of the quality assurance samples determined by 
the analyst must be within 10% of the actual concentrations of 
the same samples. 
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Standard 

t 
standard 1 

Instrument response (y) Predicted 

concentration (P) Deviaeon 
Standard 

concentration (x) 

Equation for  Linear Calibration Curve, Average Response as a Function of Standard 
Concentration 

where : 
y = instrument response (mm or area count) = 20~7 

= /3.6/75 mm or area count m = calibration curve slope 
ug ~o~-/(ml 

x = standard concentration (ug NO -/ml) = /,s 3 
b = I = intercept term (mm or area count) = -0.2497 

Predicted Standard Concentration (P) 
Average Instrument Response (y) - Intercept (1) P (ug N03-/ml) = 

Calibration Cube Slope (m) 

Deviation 

x b g  No3-/&) 
Deviation 

~ 1 0 0 %  = 2.7 x ( 1.54 ) - ( /I5 ) (of first set 
of standards) = 

Figure 5.1. Analytical data form for  analyses of calibration standards. 
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5.2.3. Ion Chromatographic Analysis - The selection of the ion 
chromatographic conditions depends on the particular ion 
chromatograph system available to the analyst. The selection of 
eluents for ion chromatography depends on the method of detection 
used. For suppressed ion chromatography the following conditions 
have been used successfully: 

1. A 0.003M NaHC03/0.0024M Na CO eluent solution is prepared 
by dissolving 1.008 g of NaHC03 a4d ?.018 of Na2C03 in water and 
diluting to 4 liters. 

2. The full-scale detection range is set at 3 vMH0, and a 

3. A flow rate of 2.5 ml/min gives a NO retention time of 

0.5-ml sample loop is used. 

approximately 15 minutes depending on the typ8 of column used. 
- 

Non-suppressed ion chromatography and ion-pairing chromato- 
graghy may and 
SO separation and detection of NO are obtained (see Sigure 
5. $ ) . Packed-bed suppression colkns are not recommended for 
quantifying NO2 when using Method 7D for relative accuracy 
testing. 

also be used provided baseline separation of NO - 
- 

The recommended procedure for the ion chromatographic 
analysis is as follows: 

Inject a samele of water, and 
observe the chromatogram to see whether any NO elutes- Repeat 
the water injection until NO is not- odserved on the 
chromatogram. peak is still seen, 
the water source should be checked for cont%nination. 

1. Establish a stable baseline. 
- 

If, after 5 inject?sns, a NO 

2. Inject samples in the Pollowing order: calibration 
standards, reagent blank, field samples, calibration standards, 
reagent blank, field samples, calibration standards. The 
injection volumes for all the standards and samples should be the 
same. 

3. The chromatograms should be documented with the sample 
identification, injection point, injection volume, nitrate 
retention time, eluent flow rate, detector sensitivity setting, 
and recorder chart speed. - - 

4. Manually measure the NO peak height or determine the NO3 
peak area with an electronic gntegrator. 

5.2.4 Data Reduction and Reporting - The details of the data 
reduction procedure are discussed in Section 3.15.6. The proce- 
dures for calculating a response factor from the calibration 
standards by linear regression and for calculating the 8 devia- 
tion on each standard from the predicted value are as follows: 
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F l o w  Rate: 1.5 ml/rPin 
Detector: 30 S f u l l  qcale 

Injection: 50 :I 

- 
NO3 3.3 minutes 

- 
1 

Inject 

Figure 5 .2 .  Example of chromatogram having adequate documentation- 
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1. Use the analytical date form (see Figure 5.1) for cal- 
culating the linear regression equation based on the calibration 
standards. 

2. Record the calculated concentrations for the four Cali- 
bration standards ( x )  on the data sheet. Determine the average 
value for the instrument response (y) for NO (peak height or 
area under the peak) from the three determinagions for each of 
the four calibration standards. 

- 

3. Plot the average values for the instrument response for 
the calibration standards against the corresponding calculated 
concentrations of the calibration standards. Draw a smooth curve 
through the points without forcing the curve through zero. The 
curve should be linear. 

4. Determine the slope (m) and the intercept term (b or I) 
for the linear calibration curve by linear regression. Many 
scientific calculators are capable of performing linear 
regression, 

5. Calculate the predicted standard concentration (P) for 
each calibration standard using the following equation: 

Equation 5-3 
Average Instrument Response (y) - Intercept (I) 

Calibration Curve Slope (m) P(U g/ml  NO^- = 

6. Calculate the percent deviation of each calibration 
standard ( x )  from the predicted value using the following 
equation (optional): 

Equation 5-4 

x (vg N03-/ml) 

If any standard deviates from the standard cume by more than 
- +7%, the problem should be investigated, 

The concentration of the field samples, the reagent blank, 
and the quality assurance samples are calculated by the same 
procedure used to calculate the predicted values for the 
calibration standards. Use the data form shown in Figure 5.3 for 
the analysis of field samples. The procedure is as follows: 

1. Determine the instrument response factor for the sample 
and calculate the sample concentration using Equation 5-3. 
Calculate the average value for the two determinations made on 
each sample. 
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Analysis 
number 

Date samples received 3,/](p /$4 Date samples analyzed 

Plat Acme Poder R& R U ~  number(s) AP- /, 2, L.3  
Location &a/b-twd ,HT Analyst 3. S A i n s 6 c q ~ r  
Calibration curve slope (m) /3.6/75 Intercept term (I) - OJZ447 

3 / / 6 / $ 4  

Average 
Instrument Concentration of Concentration of 
response (y) analysis samele analysis sampe M t i o n  

(mm or area counts) (vg/ml NO3 ) (Wfd NO3 ( X I  

Field 
sample 
number 

1s t 
2nd 

AP-Z 

B =  0.39 x/A 5 m m  0.37 
5 M  w 0. 39 

AP-3 

Field 
Blank 

Concentration of 
Analysis Sample 

No3-/ml) 

Concentration 
(of first sample) 

Deviation 
(PI 

- Instrument Response (y) - Intercept (I) 
Calibration Curve Slope (m) 

- 

= S B  3 ( 77 ) - (-0.24V) 
/3 # 67/35 

- Sample Concentration - Average Concentration - 
Average Concentration 

(of first - ( 5 3  - ( 5.75 100% = OI 87 Deviation 

standard set) 
5I 7 5  

- 

Figure 5.3. NOx laboratory data form for analyses of field samples. 
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2. Calculate the percent deviation of the concentration 
measured for each individual sample from the average of the 
concentrations measured for the duplicate samples using the 

' following equation: 

Equation 5-5 
Sample Concentration - Average Concentration ff % Deviation = 

Average Concentration 

The percent deviation for a sample must be within 5% of the 
average value before the analysis can be considered valid. 

- The data reduction proczdures described above for NO 
analysis can be used for NO analysis when using Method 7D far 
relative accuracy testing of gontinuous emission monitors. 

The main parameters of the analytical procedutes may be 
checked during or after the analysis, using the posttest 
operations form (Figure 5 . 4 ) -  



Section No. 3.15.5 
Date April 16, 1986 
Page 11 

Reagents 
Potassium nitrate dried at 105O to llO°C fo r  a minimum 

of 2 hours before use? J 
Stock standard solution (potassium nitrate) less than 2 months 

old? / - 

Sample Preparation 
Has liquid level noticeably changed?" 
Original volume Corrected volume 

Analysis 
Standard calibration curve prepared?* J 
All calibration points within 7 percent of linear calibration 

Reagent blanks made from absorbing solution? 
curve (optional)? Yf5 

$5 

Same injection volume for both standards and samples? / 

Duplicate sample values agree within 5 percent of their mean? 

Audit sample analytical results within 10 percent of true value? 

All analytical data recorded on checklist and laboratory form? 
*5 

Y e  

* Most significant items/parameters to be checked. 

Figure 5.4. Posttest operations. 
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Table 5.1. ACTIVITY MATRIX FOR SAMPLE ANALYSIS 

Characteris tics 

Sample Preparation 

1. Conversion 
t i m e  

2 .  Sample loss 

3. Permanganate 
precipitation 

4. Permanganate 
f i l t r a t i o n  

Calibration Stan- 
dards Preparation 

1. ACS grade KN03 

2. Stock standard 
solution 

3. Calibration 
standards 

Acceptance L i m i t s  

36 hour minimum 

Noticeable amount 

Absence of purple 
permanganate color 

Absence of sol ids  
i n  the f i l t r a t e  

3 15 g dry KNO 

9 t o  10 g of KNO 
accurately weighJd 
t o  0.1 mg; d i lu te  
t o  1 l i ter;  s tore  
refrigerated 

Standard range to  
cover sample range; 
maximum allowed 
deviation of indi- 
vidual standard 
from the predicted 
value is +7% 
(op t iondr  

Frequency and method 
of measurement 

Determine sample age 

Compare sample leve l  
t o  mark on container 

Between each 5 m l  
portion of 5% H 2 2  0 
solution 

After f i l t r a t i o n  is 
complete 

he8 dry at  1 0 5 O  t o  
110 C for 2 hours; 
cool i n  desiccator 

Calibrate analyt ical  
balance 

Use recommended volumes 
of stock standard Solu- 
t ion; calculate devia- 
t i on  (optional) using 
Equation 5-4 

Action i f  
requirements 
are not  met 

Hold sample in 
container for 36 
hours minimaz t i m e  

Correct by proce- 
dure i n  Section 
5.1.1 

Continue adding 
5 m l  portians 
of 5% H202 

Refilter 

High bias rill 
occur i f  stan- 
dard contains 
moisture; redry 

m03 
B i a s e s  w i l l  occur 
w i t h  poor pipet- 
ting or impmper 
storage : 
r e m a k e  standard 

Inval id  analysis; 
remake and rerun 
cal ibrat ion 
standards 

(continued) 
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Table 5.1. (continued) 

' Character is t ics  

Ion Chromatograph 
Analysis 

1. Sample inject ion 
device 

2. Sample analysis 

3. Chromatogram 
documentation 

4. Qual i ty  
assurance 

Acceptance L i m i t s  

Absence of  KNO 
on chromatogrd of 
water in j ec t ion  

Individual sample 
rep l ica tes  within 
5% of average 

Include sample 
iden t i f i ca t ion ,  
in jec t ion  point ,  
in jec t ion  - .  volume, 
NO re ten t ion  
ti&, eluent  flow 
rate, de tec tor  
s e n s i t i v i t y  setting 
and chart  speed 

Analytical r e su l t s  
must be within 10% 
of ac tua l  value 

Frequency and method 
of measurement 

In j ec t  reagent water 
up t o  four times 

Calculate deviat ion 
using Equation 5-5 

Visually check 

Report r e su l t s  to  
agency with sample 
ident i f ica t ion  

Action i f  
requirements 
are not  met 

Check water source 
for contamination 

Inva l ida te  analysis 
reanalyze samples 

Supply m i s s i n g  
information - 

Inva l ida te  analysis ; 
repeat preparation 
of sample; prepare 
new standards 



. I  
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6.0 CALCULATIONS 

Calculation errors due to procedural or mathematical mistakes 
can be a large component of total system error. Therefore, it is 
recommended that each set of calculations be repeated or spot- 
checked, preferably by a team member other than the one who per- 
formed the original calculations. If a difference greater than 
typical round-off error is detected, the calculations should be 
corrected. A computer program is advantageous in reducing calcu- 
lation errors. If a standardized computer program is used, the 
original data entry should be checked, and if differences are 
observed, a new computer run should be made. Table 6.1 at the 
end of this section summarizes the quality assurance activities 
for calculations. 

Calculations should be carried at least one extra decimal 
figure beyond that of the acquired data, and should be rounded 
after final calculation to two significant digits for each run or 
sample, All rounding of numbers should be performed in accor- 
dance with the ASTM 380-76 procedures. All calculations are then 
recorded on a form such as the ones shown in Figure 6.1A and 
6.1B, following the nomenclature list. 

6.1 Nomenclature 

The following nomenclature is used in the calculations: 

vm dry gas volume as measured by the 
dcm (dcf), 

dry gas meter calibration factor, 

dry gas meter, 

dimensionless, 

barometric pressure, mm (in.) Hg, 

standard absolute pressure, 760 nun (29.92 in.) Hg, 

average dry gas meter absolute temperature, OK (OR), 

standard absolute temperature, 293OK (528OR), , 

dry gas volume measured by the dry gas meter 
corrected to standard conditions, dscm (dscf),  

analysis of sample, vg N03-/ml, 

analysis of blank, ug N03-/ml, 

m a s s  of NOx as NO2 in sample, vg, 

concentration of NOx as NOZ, dry basis, mg/dscm 
(lb/dscf), and 

C02 correction factor. 
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6.2  Calculations 

The following are the equations used with example calculation 
forms (Figures 6.1A and 6.1B) to calculate the concentration of 
nitrogen oxides in the samples. 

6.2.1 
at standard conditions (760 mm (29.92 in.) Hg and 293 K (528 
using Equation 6-1. 

Sample Volume - Calculate the sample volume onOa d r y  Basis 
R) 

Equation 6-1 
T V P  - - Vm (X) Y std 'bar = K1 (X) Y m bar 

"m( s t d )  
where: Tm 'std Tm 

X = correction factor for C02 collection, 100 100 - %C02 v/v , 
K1 = 0.3858 OK for  metric units, or 

m g  

K1 = 17.64 OR for English units. 
in. Hg 

6.2.2 Total NO Per Sample - Calculate the total pg of NO2 
per sample us& Etuation 6-2 

m = (S - B) 250 x - 'Oo0 x 46001 = 3710 (S - B) 
50 62.01 

Equation 6-2 
where: 

250 = volume of prepared sample, ml, - 
46.01 = molecular weight of NO2 , 
62-01 = molecular weight of NOg , 

- 
1000 = total volume of KMnOq solution, ml, and 
50 = aliquot lKMn04 / NaOH solution, ml. 

6.2.3 Sample Concentration - Calculate the sample concentration 
on a dry basis at standard conditions using Equation 6-3. 

m C = K2 

where: 'm( std) 
Equation 6-3 

K2 = mg/ug for metric units, or 

= 2.205 x lo-' lb/vg for English units. K2 
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Sample Volume 

= 17.64 X Y V P  m bar = 1- 1 0 5 dscf 'm( std) ---- 
Tm 

Total ug NO2 Per Sample 

Equation 6-1 

Equation 6-2 

Sample Concentration 

m = 3. 9 6 B lb/acf ---- C = 2.205 x lo-' 

'm( std) Equation 6-3 

Sample Concentration in ppm 

6 3 3 2 ppm  NO^ Equation 6-4 ppm NO2 = 8.375 x 10 C = ---- 

Figure 6 , l A .  Nitrogen oxide calculation form (English units). 
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Sample Volume 

= 7 4 3- mm Hg, T~ = 2 9 ?.+OK 'bar - - - ---- 
Equation 6-1 V P  = 0.3858 X Y m bar = 0.0 3 / 3 / dscm 

'rn< std) ---- 
Tm * 

L, ? . 
Total pg NO2 Per Sample 

m = 3710 (S - B) = / f7 8 8 6 ug of NO2 ----- 

Sample Concentration 

c = m 

'm( std) 
= ---- 6 3 5. / mg N02/dscm 

Sample Concentration-in ppm 

ppm NO2 = 0,5228 C = ---- 3 3 2 ppm NO2 

Equation 6-2 

Equation 6-3 

Equation 6-4 

Figure 6.1B. Nitrogen oxide calculation form (metric units). 
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Characterist ics 

Sample volume 
calculation 

Table 6.1. ACTIVITY MATRIX FOR CALCULATIONS 

Action if 

are not met 
Frequency and method requirements 

Acceptance l i m i t s  c f measurement 

A l l  data available; For each sample, exam- Complete the 
calculations correct ine the data form data, or  void 
within round-off error  * the sample 

Sample m a s s  
calculation 

As above A s  above 

Sample concen- 
t r a t i o n  

As above 

Calculation 
check 

For each sample, per- 
- form independent cal- 
culations 

As above 

Check and 
, correct all data 

Original and checked 
calculations agree 
within round-off error 

Document and 
report  re- 
s u l  ts 

As above 1 AS above 

All data available; For each sample, exam- Complete the 
calculations correct ine the data form data, or void 
within njund-off e r ror  the sample 

I I I 

C 
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7.0 MAINTENANCE 

The normal use of emission-testing equipment subjects it to cor- 
rosive gases, extremes in temperature, vibration, and shock. Keeping 
the equipment in good operating order over an extended period of time 
requires knowledge of the equipment and a program of routinegmain- 
tenance which is performed quarterly or after 2830 L (100 ft ) of 
operation, whichever is greater. In addition to the quarterly main- 
tenance, a yearly cleaning of the entire meter box is recommended. 
Maintenance procedures for the various components are summarized in 
Table 7.1 at the end of the section. The following procedures are 
not required, but are recommended to increase the reliability of the 
equipment. 

7.1 Pump 

In the present commercial sampling train, several types of pumps 
are used; the two. most common are the fiber vane pump with in-line 
oiler and the diaphragm pump. The fiber vane pump requires a 
periodic check of the oiler jar. Its contents should be translucent: 
the oil should be changed if not translucent. Use the oil specified 
by the manufacturer. If none is specified, use SAE-10 nondetergent 
oil. Whenever the fiber vane pump starts to run erratically or 
during the yearly disassembly, the head should be removed and the 
fiber vanes changed. Erratic operation of the diaphragm pump is 
normally due to either a bad diaphragm (causing leakage) or to 
malfunctions of the valves, which should be cleaned annually by 
complete disassembly. 

7.2 Dry Gas Meter 

The dry gas meter should be checked for excess oil or corrosion 
of the components by removing the top plate every 3 months. The 
meter should be disassembled and all components cleaned and checked 
whenever the rotation of the dials is erratic, whenever the meter 
will not calibrate properly over the required flow rate range, and 
during the yearly maintenance. 

7.3 Rot ame ter 

The rotameter should be disassembled and cleaned according to the 
manufacturer's instructions using only recommended cleaning fluids 
every 3 months or upon erratic operation. 

7.4 Sampling Train 

All remaining sampling train components should be visually 
checked every 3 months and completely disassembled and cleaned or 
replaced yearly. Many items, such as quick disconnects, should be 
replaced whenever damaged rather than checked periodically. 
Normally, the best procedure fo r  maintenance in the field is to use 
another entire unit such as a meter box, sample box, or umbilical 
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cord (the hose that connects the sample box and meter box) rather 
than replacing individual components. 

7.5 1.on'chromatograph 

Maintenance activities and schedules for ion chromatographs are 
make and model specific. It is therefore recommended that the 
analyst consult the operator's manual~i5ar instructions relative to 
maintenance ,practices and procedures. 

.. .: recommended . far use with 

. . .  
_,, ' ' 

Guard columns, while mot required.,,ls., 
;>?!the ion chromatograph in o r d H  to extendra$Xumn lifetime. ?. . -. .. .A_. 
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Table 7.1. ACTIVITY MATRIX FOR EQUIPMENT MAINTENANCE CHECKS 

~ ~~ 

Apparatus 

Sample t r a i n  
control  con- 
sole 

Fiber vane p u p  

Diaphragm pump 

Dry gas meter 

Ro tame tor 

Sampling t r a i n  

Ion chroma- 
tograph 

Acceptance l i m i t s  

No erratic behavior 

In- l ine oiler free of 
leaks 

Leak-free valves 
functioning properly 

No excess o i l ,  corro- 
s ion,  or erratic rota- 
t i on  of the d i a l  

Clean and no erratic 
behavior 

No damage 

See owner's manual 

Frequency and method 
of measurement 

Routine maintenance 
performed quarter ly;  
disassemble and clean 
yearly 

Per iodical ly  check 
o i l e r  jar;  remove 
head and change f i b e r  
vanes 

Clean valves during 
yearly disassembly 

Check every 3 mo. f o r  
excess o i l  or corrosion 
by removing the top 
p l a t e ;  check valves and 
diaphragm yearly and 
whenever meter d i a l  runs 
e r r a t i c a l l y  or whenever 
meter w i l l  not calibrate 

Clean every 3 mo. or  
whenever ba l l  does not 
move freely 

Visually check every 
3 mo.; completely dis-  
assemble and clean or 
replace yearly 

See owner's manual 

Action i f  
requirements 
are not met 

Replace par t s  
as needed 

Replace as 
needed 

Replace when 
leaking or mal- 
functioning 

Replace parts 
as needed, or 
replace meter 

Replace 

If f a i l u r e  
noted, use an- 
other e n t i r e  
meter box, 
sample box, 
or umbilical 
cord 

See owner's 
manual 
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10.0 REFERENCE METHOD*,** 
MeIhod 7D-DetemhatSoa of Nihogen 
Oxide Emiuio- From S t r t i o a ~ y  Sourram 

Alka/ine-Pennongonot@/?On 
Chmmatogmphic Method 

1. Applicability. Principk' Interferences. 
Precision. Bias. ond Stability. 
1.1 Applicability. The method is 

.applicable to the detenninotion of NO. 
emissions from fornil-fuel fired steam 
generators. electric utility plnnts. nitric acid 
plants. or other sources as  rpecified in the . 
regulations. The lower detectable limit is 
similar to that for Method K: No upper limit 
has been establirhsd: however. when uring 
the recommended umpling conditions. the 
method h a  been found to collect NO. 
emission8 quantitatively up to If62 mglN0.l 
m? as NOI (932 pm NO.). 
. 1.2 Principle. An integrated bas sample ir 

extracted from the rtack and collected in 
wlkalinopotassium pennanganate solution: 
NO. (NO+NOt) emirsions are oxidized to 
NQ-. Then El&- is analyzed by ion 
chroma togaphy. 
1.3 Interferences. Posrlble interferences 

are S G  and NIG. High concentrations of SOI 
could interfere because S conrumem Mn0.- 
[as does NO.) a n d  therefore. could reduce 
the NO. collection efficiency. However. when 
sampling emirrions from a coal-fimd electric 
utility plant bumina 21-percent rulfur coal 
with no control of So, emisrionr collection 
efficiency was not reduced. In fact 
calculation) show that sampling 3oM ppm 
SOI will raduce'the Mn04- concentration by 
only 5 percent if all the SOI is conrumed in ' 

the first impinger. 
N K  is slowly oxidized to NQ- by the 

ubrorbing solution. At 100 ppm NK in the 
gnr stream. an interference of 8 ppm NO. (11 
mg N(31/m3 was obrerved when the mmple 
was analyzed 10 days after collection. 
Therefore, the method may not be applicsble 
to plantr using N H  injection to control NO. 
emissions unless meann are taken to correct 
the results. An equation ha8 been developtd 
to allow quantitation 3 the interferenw and 
is discussed in Citation 4 of the bibli-phy. 

1.4 Precision and Bias. The method d m  
not exhibit any bias relative to Method 7. The 
within-laboratory mlative ptsndard deviation 
for a single measurement was approximately 
6 percmt at u)o to 270 ppm NO, 

1.5 Stability. Collected samples are stnble 
for at leaat 4 weeks. 
2. Appatvms. 
21 Sampling and Sample Recovery. The 

sampling train is the same ns in Figuv 7 G 1  
of Method 7C. Compoaegt parts an the same 
as  in Method 7C. Section'21. 

22 Sample Reparation and Analysis. 
221 Magnetic Slimr. With 25- by I&mm 

Tefloncoated stirring ban. 
2.2.2 Filtering Flask. 500-ml capacity with 

sidearm. 
22.3 Buchner Funnel. 75-mm U). The 

spout equipped with a 13-mm ID by m m m  
long niece of Teflon'tubing to minimize 
oossibility of aspirating sample solution 
Luring filiration. 

22.4 Filter RIper. Whatman CF/C 7.0.m 
diameter. 

2.25 Stirring Rods. 
22.6 Volumetric Flask. W).ml. 
22.7 Pipettes. Class A. 
22.8 Erlenmeyer Flarlu. W m l .  
229 Ion Chmmatomph. Equippad with 

an anion separator column to sepamte N O r ,  
a H* ruppressor. andnecrssary auxiliary 
equipment Nooruppressed and other forms 
of ion chromatography may also be used 
provided that adequate resolution of NOI- is 
obtained. The system murt also be able to 
rerolve and detect NOr. 

3. Reagents. 
Unlesr otherwise indicated..all reagents 

should conform to the specifications 
established by the Committee on Analytic'al 
Reagentr of the American Chemical Sociely, 
when such specifications are available: 
othemrise. use the best available grade. 

3.1 sampling. 
3.1.1 Water. Deionized distilled to 

conform to ASTM specification D 1193-74. 
Type 3 (incorpurated by referencesee 
9 60.17). 
3.1.2 Potassium Permangunate. 4.0 Perfient 

(wlw), Sodium Hydroxide. 2 0  Percent (wlw). 
Dissolve 40.0 8 of KMnO. and 20.0 g of NaOH 
in B40 ml of water. 
3.2 Sample Preparation and Analysis. 
3.21 Water. Same as in Section 3.1.1. 
3 1 2  Hydrogen Peroxide. 5 Percent. Dilute 

3.23 Blank Solution. Dissolve 2 4  g of 
30 percent &a 1:s [v/v) with water. 

WnO. end 12 g of NaOH in 96 ml of weter. 
Alternatively. dilute 60 ml of KMnOIlMvQH 
solution to 100 ml. 

3.2.4 KNCb Standard Solutioa Dry 
KNQ at 110 ' C lor 2 horn. and cool in a 
desiccator. Accurately we& 9 to 10 8 Of 
KNOI to within 0.1 ma dimlve in water, and 
dilute to 1 liter. Calculate the exact NOS- 
concentration from lhe following relationrhiF 

62-01 
fig NO,-/ml=g of KNOI. ~ ' 1 0 ' ~ -  

101.10 

*Method 7C is qeproduced in this section in addition to Method 7D 
since the latter refers extensively to Method 7C and Method 7C 
is not reproduced elsewhere in this Handbook. 

** Federal Register, Volume 49, No. 189, September 27, 1984. 
I 

---. , 
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This rolution i s  stable for 2 months without 
prerervative under laboratory conditions. 
325 Eluent. 0.003 M NaHCQ)O.W24 M 

NaXG.  Dissolve 1.008 g NaHCQ and 1.018 8 
NoCQ in water, and dilute to 4 litem. Other 
eiuents capable of resolving nitrate ion from 
sulfate and other species present may be 
used. 
3.2.8 Quality Assurance Audit Samples. 

This i s  the same as in Method 7. section 38.8. 
When requesting audit rampler. specify that 
they be in the appropriate concentration 
range for Method 7D. 

Method 7C. Section 4.1. 

in Method 7C. Section 42. 

the.Ievel of liquid in the rample container, 
and determine whether any rample was lost 
during rhipment. If a noticeable amount of 
leakage has occumd. the volume lost can be 
determined from the difference between 
initial and final solution levels, and tLs value 
can then be used to comct the analytical 
result. Quantitatively transfer the contento to 
a 1-liter volumetric nark. and dilute to 
volume. 

..\ after collection. This time is  necersary to 
ensure that all N b  i s  converted to N-. 
Take a S m l  aliquot of the sample and 
blank. and transfer to ~~brn1;Erlenmeyer 
narks. Add a magnetic stirring bar. Adjust 
the stirring rate to as fast a rate as possible 
without loss of rolution. Add 5 percent 
KOr in increments of approximately 5 ml 
using a 5-ml pipette. When the KMnoI color 
appears to have been removed. allow the 
precipitate to settle. and examine the 
rupernetant liquid. If the liquid ir ciear. the 
KG addition is complete. If the 
KMnO, color persists. add more tbOI, with 
stirring. until the supernatant liquid in clear. 
Note-The faster the stirring rate. the less 
volume of tGol that will be required to 
remove the KMnO,.) Quantitatively transfer 
the mixture to a Buchner funnel mntaiing 
GF/C filter paper. and filter he  precipitate. 
The rpoul of the Buchner funnel should be 
equipped with a 13-mm ID by Wmm long 
piece of Tenon tubing. This modification 
minimizes the possibility of aspirating sample 
solution during filtratioL.Ei&r the mixture 
into a 5Oo.d filtering flask.-Warh the rolid 
material four times with water. When 
filtration is complete. wash the Tenon tubing. 
quantitatively transfer the filtrate to a 2Dml  
volumetric flask and dilute to volume. The 
rample and blank are now ready for 
NO1 analyris. 

4. Proceduh?. . .ti * .I.r, ,I 

4.1 Sampling. This is Ihe.;ame as in 

4 2  Sample Recovery. This is the rime a s  

4.3 Sample Reparation for Analyris. Note 

Sample preparation can be started 36 houn 

4.6  Sample Analysir. The following 

recommended: 0.003 M NaHCG/0.0024 M 
NatCOI eluent rolution. 13.26). full rcale 
mrage 3 p M H 0  ample loop, 0.5 mk flow rate, 
2 5  ml/min. There conditions should give a 
Pa& retention time of approximately 15 
minutes (Figure 7D-I). 

.' ..chromatographic conditions are ' 

Btablirh a stable baseline. Inject a sample 
of water, and determine If any NOS- appesn 
in the chroma togram. If Nh- i s  present. 
repeat the water lold/injection procedure 
approximately five timar; then tsinject a 
water mniple. and observe the 
chromarugram When no NOS- is prerent. the 
instrument ir ready for use. inject calibratiun 
rtsndarda. Then inject rampler and a blank. 
Repeat (he injection of the dibret ion 
standardr [to compenute for any drift in 
response of the inotnrment). Mearure the 
NO, peak height or peak area. and determine 
the rampie concentration from the calibration 
curve. 

4.5 Audit analyris. This is the same as in 
Method 7. Section 4.4 

5. Colibmtrun. 
5.1 Dry Gar Metering System IDCM). 
5.1.1 Initial Calibration. Same as in 

Method 0. Section 5.1.1. For detailed 
instructions on r a y i n g  out this calibration. i t  
is suggested that Section 3.52 of Citation 3 in 
the bibliography be consulted. 

5.32 Post-Test Calibration Check. Same 
as in Method 6. Section 5 . 1 2  

6.2 Thennometen for DGM and 
Berometer. Same as  in Method 6. Section 5 2  
and 5.4. respectively. 

5.3 Calibration Curve fur ion 
Chromatograph. Dilute a Riven volume (1.0 ml 
or greater) of the KNOI rtandard rolution to a 
convenient volume with water. and use this 
solution to prepere calibrat)on rtandards. 
Prepare at least four standards to cover the 
range of the samples being analyzed. Use 
pipettes for all additionr. Run standards a8 
instructed in Section 4.4. Determine peak 
height or area, and plot the individual values 
versus concentration in pg Nh-/ml. Do not 
force the curve through zem. Draw a smooth 
curve through the points. The curve should be 
linear. With the linear curve. use linear 
repweion to determine the calibration 
equation. 

I- 



6. Cahdotions. 
Carry out calculations, retaining at least 

one extra decimal figure beyond that of the 
acquired data. Round off figures after fino1 
calculation. 

to Standard Conditions. Same or in Method 
7c. Section 6.1. 

6.1 Sample Volume. Dry Basis. Corrected 

6.2 Tolal a N(X Per Sample. 

Where: 
m=Mass of NO,, as NQ. in sample. pg.  
S= Analysis of sempla, pg NOrlml. 
B- Analysis of blank, pg NOr/ml. 
ZKhVolume of prepared sample. ml. 
46.OltMolecular weight of NCb-. 
82.01 =Molecular weight of NOr. 
1OOOmTotal volume of KhinO. solution. ml. 
SO=Aliquot KMnO,/NaOH solution. ml. 
6.3 Sample Concentration. 

m 

V.(rU) 
c=Ka - 

. .  Where: 
C-Concentretion of NO, as N(X, dry basis. 

Kt=~O'~mg/pg. 
Vdd)=Dry gar volume measured by the dry 

mg/dscm. 

gas meter. corrected to standard 
conditions. dscm. 

, 

6.4 Convenion Facton. 
1.0 ppm Not1247 mg NO/maat STP. 
1.0 ppm N~I-1.812 mg NQ/msatSrP. 
1 f t  3- 2.832 x 10'' ma. 

7. Quality Control. 
Quality control procedures are specified in 

Sections 4.13 (now rate accuracy) and 4 5  
(audit analviis accuracy] of Method 7C. 

' 

8. ??ibliogmphy. 
1. Mergeron, J.H., W.J. Mitchell, J.C. Suggl, 

and M.R. Midget;. Integrated Sampling and 
Analysis Methods for Detemining NO, 
Fbiasions at Electric Utility Plants. US. 
Environmental Rotection Agency. Research 
Triangle Park. N.C. Journal of tha Air 
Pollution Contro! Association. 32.1210-1215. 
1982. 
2 Memorandum and attachment form J.H. 

Mageson. Source Branch. Quality Assurance 
Division. Environmental Monitoring Systems 
Laboratory. to The Record, P A .  March 30. 
1983. N K  Interference in Methods 7C and 70.  

3. Quality Assurance Handbook for Air 
Pollution Measurement Systems. Volume 
Ill-Stationary Source Specific Methods. US. 
Environmental Rotection Agency. Rerearch 
Triangle Park. N.C. Publication NO. EPA-8001 
t77-027b. August 1977. 

4. Mageson, J.H.. et el. An Integrated 
Method for determining NO, Emissions at 
Nitric Acid Plants. Manuscript submilted to 
Analytical Chemistry. April 1981. 

- 
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the NO, collection efficiency. 'However. whm 
sampling emissions from a cwl-fired electric 
utility plant burning 21-pcrunt Hllfur -1 
with no control of SCh emissions, coliection 
efficiency was not reduced. ln fncL 
calculations show that rampling 3000 ppm 
So? will reduce the Mn04- concentration by 
only S percent if dl the S Q  ir conmnned in 
the first impinger. 

NK is slowly oxidized to "X- by the 
absorbing rolution. At 100 ppm NK in lhr 1 ,  ,. ,~ . 
pas rtrenm. on interference of 6 ppn NO. Ill 
mg NQ/m' )  was o b w e d  whcn the rsmple 
was nnulyzed 10 days after collection 
Therefore, the method may not be applicable' 
to plnnts using N K  injection to control NO. 
emissions unless means are taken to comct 
the rerults. An equation has been developsd 
to allow quantitetion of the interference and 
is bscussed in Citation 5 of the bibliopnphy. 

1.4 Recision and Birr. Tbe method d a s  
not exhibit any bier relative to Method 7. The 
within-laborstory relative standard deviation 
for a single measurement is 2 8  and ZP 
peicent at 201 and 268 ppm NO.. respoctiveIy. 
1.5 Stability. Collected rumples are stable 

for at leest 4 weeks. 
2 Appamtus. 
LI Sampling and Sample Recavery. The 

Samp!ing train is rho- in Figure 7C-L and 
component parts are diacuued M o w .  
Alternative epparatw and prowduns nre 
allowed provided acceptable accuray a d  
precision can be demonstrated. 

.' 

Method 7CDetemrinotion of Nitrogen 
Oxide Emirsions From Stationary Source# 

Alkaline-Pern~angoncte/Colorimlric 
Method 
1. Applicability. Principle. Intorferances. 

Pncision, Bias. and Stability. 
1.1 Applicability. The method is 

applicable to the determination of NO, 
emirsionr from fossil-fucl fimd steam 
generetore, electric utility plants. nitric acid 
plank or other murcer as  specified in the 
regulations. The lower detectable limit i s  13 
mg NOJm? as NOi (7 ppm NO.) when 
sampling at 500 cc/min for 1 hour. No upper 
limit has b0M ertablirhed: however. when 
using the recommended sampling condiliona 
the method has been found to collect NO. 
emirsions qunntitatively up to 1.782 mg NO./ 
rn? as NQ (932 pprn NO,). 

1 1  Principle. An integrated ges sample is 
extracted from the stack and collected in 
alkaline-potussium permanganate rolution; 
NO, (NC)+NQJ emissions are oxidized to 
N O r  and NQ-. The N& is reduced to 
N& with cadmium, and the N O r  ir 
analyzed colorimetrically. 
13 Interferences. Porsible interferences 

are SCh and NtL. High concentrations of S G  
could interfere because S G  conrumes Mn0.- 
(as doer NOJ and, therefore, m i d  reduce 

mALCI WALL 
PROBE IFNO PACKED 

W I T H  C L U S  WOOL 

f l 

0 Gu YtTLR 
i 

FIgvre 7C-1. NO, sampling t r r i r  



2.1.1 Rob. Eomr~~oote glass tubing. 
ruficientb heated to pravcnt water 
condenmatian and equipped wlth an tMtack 
or out-stadc filter to rtmova partkd8te 
matter (a phg of @ru wod L utirfaetory for 
him purpore). Stainlur rtnl or Teflon t u b 9  
may alro be wed for the probe. (Note 
Mention of trade namer or specific producu 
d w r  not conrtitute endoraement by the U S  
Envimnmenrrl Rotecrion hgancy.1 
2.12 Impia@n. h muicld-oribce 

g h s  impinem. hvinn rtra rp.clnali- 
given in F i p w  7C-2. am required for each 
rampling train. The impinpers must be 
connected in rerim with leak-free &rr 
connecton. Stopcock preare mrv be rrcd. if 
nemruy. to prevent leakage. [The impinpcts 
unb fabriiuted by a glau blower until they 
become available commerciully.) 

ti- 7c.a. - I .SW~CI~ w i m  w.p)~rr 

214 Char  WOOL stopeock C m a  
Drying Tube. Valve, Pump. Buomater, md 
Vacuum Gauge and Rotameter. Sum ar h 
Metbod 6, kctionr 219. 21A. Z1.k Z1.7, 
2.1.8.23.11, and 21.12, mrpectively. 
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2.1.4 Rate Meter. Roumeter. or 
equivalent. a c m t e  to within 2 percent at the 
relected flow rate between 400 and 500 CC/ 
min. For rotametar. a nnge of 0 to I lit-/ 
min in recommended. 

21.5 Vokume Meter. Dry gar met- 
capable of rneasrPing the sample VOIWC. 
under tbe umpling condition8 of 400 to WO 
cc/min for w minutas within an accuracy of 2 
percent 
2.1.8 Fllter..To &move NO, from ambient 

air. prepared by adding 20 8 of a fi-rng8tmm 
molecular rieve to a cylindrical tube. e.8.. a 
polyethylene dry@ tube. 
21.7 Polyethylene Bottles. 1-liter, for 

rample recovery. 
21.8 Funnel and Stirring Rode. For sample 

recovery. 
22 Stunpk prrpamtion and Analwk 
2.2.1 Hot Plate. Stirring type with 6G by 

10-mm Tefloncoatcd rtirriw bur. 
2 5 2  Baaken. 4W. 800.. and 1albml 

capacitier. 
2.2.3 Filtering ?'lark 500-d capacity with 

side a n .  
2 2 4  Buchner FunneL 75-mm ID. with . 

spout equipped with a 13-mm ID by 00.m 
10ng piece of Teflon tubing to minimize 
porsibility of elpirating rrmple rolution 
during filtration. 

22.5 Filter Paper. Whatman CF/C 7.- 
diameter. 

22.6 Stirring Rode. 
2.2.7 Volumetric Flarkr. 100.. 200. or 250., 

500.. and 1000.ml capacity. 
22.8 Watch Glaerer. To cover 6w- and 

1.000.ml beakers. 
2.2.0 Graduated Cylindem. 50. and SWnl 

capecitier. 
2.2.10 Pipettes. Clars A 
22.11 pH Meter. To mearun pH from 0.5 

to 12.0 
2212  Burette. 50-ml with a micrometer 

type stopcock. me stopcock ir Catalogue 
No. l32ZS-t-05, Ace Clan. Lnr. Port Office 
Box 888. Louirville. Kentucky Sa#n.) Place a 
glass wool plug in bottom of burette. Cut off 
burette a t  a height of 43 cm from the top of 
plug. and have a glarc blow& attach a glart 
funnel to top of burette ruch that the 
diameter of the buretta,mmainr errentially 
unchanged. Other meam of attaching the 
funnel am acceptable. 
2213 Clem Funnel. mmm ID at the top. 
2.214 Spectmphotometer. Capable of 

menruing abrorbanw at 640 nm. 0ne-m 
cellr am adequate. 

22.15 Metal Thenometera. Bimetallic 
thennometem. nnge 0 to 150 'C. 

ZZ16 Culturn Tubee. 20. by 15U-m 
Kimax No. 45048. 

2237 Panfilm "M." Obtained from 
American Can Company, Gmnwich, 
Connecticut 08890. 

2218 C G  Mearmment Equipment 
Same BB In Method 3. 

3. Reagan&. 
Unlerr otherwire indicated. a11 reagents 

shiuld conform to the rpecificationr 
established by the Committee on Analytical 
Reagentr of the A m e r i c ~  Chemical Society, 
where such rpacifhtionr are available: 
otherwise, uae the best available grade. 



3.1 Sampling. 
3.1.1 Water. Deionized distilled to 

conform to ASTM specification D 119&74, 
Type 3 (incorporated by referencwee 
0 60.17). 
3.12 Potassium Permanganate. 4.0 percent 

(wlw). Sodium Hydroxide. 2.0 percent (w/w). 
Dissolve 40.0 g of KMnO. and 20.0 g of NaOH 
in 940 ml of water. 
3.2 Sample Preparation and Analysis. 
3.21 Water. Same as in Section 3.1.1. 
3.2.2 Sulfuric Acid. Concentrated &SO,. 
3.2.3 Oxalic Acid Solution. Dissolve 48 g ' ,  ' 

of oxalic acid I(COOHh-2HtOj in water, and 
dilute to 500 ml. Do not heat the solution, 
3.2-4 Sodium Hydroxide, 0.5 N. DisMlve 

20 g of NaOH in water. and dilute to 1 liter. 
3.2.5 Sodium Hydroxide, 10 N. Dissolve 

40 g of NaOH in water and dllute to iw ml. 
3.2.6 Ethyiencdiamine Tetraacetic Acid 

IEDTA) Solution. 6.5 Percent Dissolve 6.5 g of 
EDTA Wsodium salt) iri water, and dilute to 
100 ml. Solution ir best accomplished by 
wing a magnetic stirrer. 
3.2.7 Column Rinre Solution. Add 20 ml of 

6.5 percent EDTA rolution to.880 ml of water. 
and adjuit the pH to 11.7 to 120 with 0.5 N 
NaOM. 
3.2.8 Hydmchloric Acid [HCI), 2 N. Add 

68 ml of concentratad HCI to a 5Oo.d 
volumetric flask containing water. dilute to 
volume, and mix well. Store in a glass- 
stoppered bottle. 
3.2.9 Sulfanilamide Solution. Add 20 g of 

sulfanilamide (melting point 185 to 167 'C) to 
700 ml of water. Add, with mixing. 50 ml 
concentrated phosphoric acid (65 percent), 
and dilute to too0 ml. This d u t i o n  is stable 
for at least 1 month, if refrigerated. 
32.10 N-(1-Naphthyll-Ethylenediamine 

Dihydrochloride (NEDA) Solution. Dissolve 
0.5 g of NEDA in 
solution should have one absorption peak at 
320 nm over the range of 280 to 100 MI. 

NEDA, showing more than one absorption 
peak over this range. ir impure and should 
not be used; This solution is stable for nt 
least 1 month if protected from light and 
refrigerated. 
3.2.11 Cadmium. Obtained from Matheson 

Coleman and Bell. 2909 Highland Avenue. 
Nomood. Ohio 45Zl2 as EM Laboratories 
Catalogue No. 2001. Repara by riming in 2 N . 
HCI for 5 minutes until the color ir silver- 
grey. Then rinse the cadmium with water 
until the rinsings are neutral when tested 
with pH paper. CAUTION K is liberated 
during preparation. Prepare in an exhaust 
hood away from any flame. 
3.2.12 NaNOI Standard Solution. Nominal 

Concentration, 1 0  p g NOr/ml. Desiccate 
NaNOI overnight Accurately weigh 1.4 to 1.6 
g of NaNOr (asaay of 87 percent NaNOI or 
greater). ,dissolve in water, and dilute to 1 
liter. Calculate the exact N O r  concentration 
from the following nlationrhip: 

ml of water. An aqueoua 

purity. I 4o.a 

w.m 
XlO'X - pg NOr/ml=g of NaNOIx - 

100 
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This sohtion is stable for at least 6 months 
under laborntory conditions. 
32.13 KNOI Standard Sohtion. Dry 

at lip 'C for 2 h o w .  and cool in a desiccator. 
Accurately weigh @,to 10 g of ~QJQ to within 
0.1 m& diuolw in water, and dilute to 1 liter. 
C d d a t e  the exact N(X- concenmtion from 
the fOllOWing relatiomhip: 

pg N*/ml=g of KNOlXlO' - e m  
3 X 1ol.io 

ma aolution is @table for 2 month, without 
preservative under laboratory conditionr. 

KNQ standard into a 1Wml volumelric 
flask, and dilute to volume. 

KMnO. and 12 g o€ NaOH in 88 ml of water. 
Alternatively. dilute ty) ml of KMnOI/NaOH 
solution to 100 ml. 
3516 Quality Aanwance Audit Sampler. 

Same am in Method 7, Section 33.8. When 
toquesting audit samples. specify that they be 
in the appropriete concentration range for 
Method 7C 

3.2.14 spiking %h~Moh Pipette 7 Ed Of the 

32.15  lank Solution. D i u o l w  24 g of 

4. Pmcedum. 
4.1 Sampling. 
4.1.1 Reparation of Collection Train. Add 

200 ml of KMnO./NaOH sohtion (3.13) to 
ench of three impmgem. and amamble the 
train as shown in Figure 7G1. Adjust probe 
heater to a temperature sufficient to prevent 
water condensation. 

pnor to the sampling run should be camed 
out: a leak-check after the sampling mn is 
mandatory. Carry out the leak-check(8) 
according to Method 6. Section 4.12 
4.1.3 Check of Rotameter Calibration 

Accuracy (Optional). Disconnect the probe 
from the first impinger. and connect the filter . 
(2.1.6). Start the pump, and adiurt the 
rotameter to read between 400 and 500 cc/ 
min. After the flow rate has stabilized. start 
measuring the volume sampled as  recorded 
by the dry gas meter (DCM), and the 
rampling time. Collect enough volume to 
measure accurately the flow rate. and 
caicuiate the flow rate. This average flow 
rate must be lean than 500 c c / m  for the 
sample to be valid therefore. it Ir 
recommended that the flow rate be checked 
ar above prior to each teat. 
4.1.4 Sample Collection. Record the initial 

DCM reading and barometric ~PMSW. 
Determine the sampling point or points 
according to the appropriate reguletions, e.g., 
Section 80.46(c) of 40 CFR Part 60. Porihon 
the tip of the probe at the mampling point 
connect the probe to the firat impingor, and 
start the pump. Adjust the Mmpla flow to a 
value between ,100 and 500 cc/nun. 
CAUTION HIGHER FL.OW RAlES WILL 
PRODUCE LOW RESULTS. Once adiusted. 
maintain a constant flow rate during the 
entire sampling run. Sample for 60 minutes. 
For relatlve accuracy (RA) tasting of 
continuous emission momton. the minimum 
sampling time 18 1 hour. sampling M minutes 

4.1.2 Leak-Check Procedure. A leak-check 



at each traverse point. [Note.-When the SO, 
concentration is greater than 1200 ppm. the 
rampling time may have to be reduced to 30 
minutes to eliminate plugging of the impinger 
orifice with hot.  For RA tests with So, 
greater than lux) ppm. sample for 30 minutes 
(10 minutes at  each point)]. Record the DCM 
temperature, and check the now rate ut least 
every 5 minuter. At the conclusion of each 
run. tum off the prmprma probe from the 
rta& and record khufiml reuthm. lhvide 
the ram& volume by Ihc sampling tune to 
determire the r m ~  Ibv rate. Conduct a 
leak-check 18 in Saction 4.13. If a Iwk h 
found void the 1-1 nm or tm prowdurn 
acceptable (0 the Abinir t ra tor  to s d p s t  tho 
remple volume for rhe beelups 

4.1.5 COB Msnruremant. D u r i ~  sampling. 
mearum Ye COW content of tbe ruck gar 
near h e  rompling point uiq Mathod 3. Thr 
ringlepoint grab umphg procedurr! ir 
adequate, provided thc IIypwremcnts are 
made at leart three timeo-near the atart. 
midway. and before the end of a m n  and the 
averugc COI concentration u computed ne 
Onat or Fyrite analyzcr may be u e d  for fhis 
unulysis. 

4 3  Sample Recovery. Discormeet the 
impingen. Pour the contenti of the impingem 
into I I-liter polyethylene bottle wing a 
funnel and a rtiming rod (or other means] to 
pnvent rpillage. Comptete the quantitative 
tranrfor by rinsing the impingen and 
connecting tubes with water until the rinrings 
that are clear to hght pink, and add the 
rlnrings to the bottle. Mix the rample. and 
mark the rolution kvel. Seal und identify the 
rample container. 

4.3 Sample Preparation for Analysir. 
Prepare a cadmium reduction column as 
followr. Fill the bnrette (=12] with water. 
Add freshly prepared cadmium rlowly with 
tappiw until no furhu rcttling occlp~ The 
height of the cadmium column rhould be a 
cm. When not in ure. rton the column under 
rinse solution (33.7). (Note.-The column 
should not contain any bands of cadmium 
finer. This may occur if regmerated column 
is ured and will greatly reduce the column 
lifetime.] 

Note the level of liquid in the rumple 
container. and determine whether any rample 
was lort during shipment If a noticeable 
amount of leakage ha# ocurrrsd, the volwme 1 
lost can be determinod from the difference . 

between initial and final solution levels. and 
this value can then be wed  to correct the 
analytical result. Quantitatively transfer the 
contento to a 1-liter volumetric flunk. and 
dilute to volume. 

Tuke a i ~ m l  aliquot of the sample and 
blank (unexposed KMnO./NaOH] solutions, 
and transfer to N@ml beakem containing 
magnetic rtirrine bars. Using a pH meta. add 
conccnmted KSO. with stimng until a pH 
of 0.7 is obtained. Allow the solutions to 
stand for 15 minmes. Corn the beakem with 
watch glmwer. mnd bring the tetnpemture of 
the rdutionr to 50 'C. Keep thc temperature 
below BO 'C D i r w i n  4.8 8 of oxalic acid m a 
minimmn volume of water. appmximetelg 50 
ml. st room temperature. Do not heet the 
rolutiah Add tbir wlntion slowly. in 
i n m c n t r  -tit the W O .  rokotiom 

' . 
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becomes mlorle8a. If the color in not 
completely removed. prepare mom more of 
the above oxaiic a d d  solution. and add until 
a colorless solution is o b t a i d  Add m . 
excem of oxahc acid by b w l v i n g  1.6 8 of 
oxaiic acid in 50 d of water. nnd add 6 ml of 
thle solution to the cdorku h t i o n .  U 
auspenQd matter in presen:. add 
concentrated &SO. until a ckar sdurion is 
obtained. 

Allow the v m p k r  to COO1 lo nenr room 
temwrrture. being sure that the urnf ir  me 
still clear.  Adjust the pH to 11-7 to 1W with 
10 N IliaOH. Quarttitatwcly transfer the 
mixture to a Buchna funnel amtainuyr c F / C  
filter paper. and filter the precipitate. Filter 
the muture into a fhnrrp Sleek. Wash 
the solid material four tunes with water. 
When filtration m completr warh the l c l b n  
tubina. quantitauvely transfer tbe fiimte to E 

500-ml volumetric flask. and d h t e  to voiume. 
The sumples are now ready for odnuum 
reduction. Pipette a 5 0 4  aliquot of the 
rample into a 15bml buaker. and add a 
magnetic rbmng bar. Rpette in 1.0 ml of 6.5 
percent EDTA rolution, and m u  

Determine the c o m t  stopcock ntling lo  
establieh a Slow rate of 7 to bl ml/min of 
column rinre rolution through the cadmium 
reduction column. Use a Wml graduted 
cyllnder to collect and m e a s m  the mlution . volume. After the Inrt of he n w  solution 
has passed from the funnel into the burette. 
but before air entrapment can occur. s l a l  
adding the rample. and collect i t  in a ZSC-ml 
graduated cylinder. Complete the 
quantitative t ransfa  of the rample to the 
column as the remple passes through the 
column. After the last ofjthe rample has 
parsed from the funnel into the burette, start 
adding 60 ml of column rinse rolutioa and 
collect the rinre solution until the rolution 
just &sappeals from the funnel. 
Quantitativety transfer the sample la a Zoo-d 
volumetric flask (250-ml may be required). 
and dilute to volume. The samples are now 
ready for N G 4 -  analysis. [Note..- Both the 
rample and blank should go through this 
pmccdure. Additionally. two spiked samples 
should be run with every group of samples 
passed through the column. To do this. 
prepare two additional S m l  aliquots of the 
sample euspected to have the highest N O r  
concmtmtion. and add 1 ml of h e  spilnng 
rolution to these aliquots. If the spike 
recovery or colomn efficiency (see 62.1) is 
below 85 percent, prepare a new column. and 
repeat the cadmium reduction). 

sample into a culture tube. pote.--Some test 
tubes give a high blank N& value but 
culture tubes do not.) Pipette in 30 ml of 
sulfanilamide solution and 1.4 ml of NEDA 
solution. Cover the culture tube with 
parafilm. and mix the solution Prepare 8 
blank in the same manner Using  the CaHIpk 
from lnatment of the unexp-d ~ o , /  
NaOH solution (3.1.2). Also, prepare a 
calibratron standard to c k k  the dope of ihe  
calibration curve. After ¶&minute color 
development interval. mesure  the 
absorbance at 540 nm apainst water. Read pg 
N D r / m l  from the calibmtion curve. I f  the 

' ' 

' . 

4.4 Sample ~ a l y s i s .  Rpene 10 ml of 
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absorbance is v o t e r  then that of the hiphest 
calibration standard. pipette less than '10 ml 
of sample and enough uater to mclke the totd 
rampla volume 10 ml. and repeat the 
analysis. Detenntnt the Nor concentration 
using the calibration curve obtained in 
Section 5.3. 

Method 7. Section 4.4. 
4.5 Audit Analysis. This is the rame as in 

5. Coiibration. 
5.1 Dry Gas Metering System (DCM). 
5.1.1 Initial Calibration. Same as in Method 

6. Section 5.1.1. For detailed instructione on 
urrying out thir wlibretion. i t  in auggeried 
that Section 3.5.2 of Citation 4 in the 
bibiography be consulted; 

5.1.2 Port-Tart Calibration Check %me 
as in Method B Section 5.12. 

L.2 Themornetem for DCM and 
Barometer. Same ar in Method 6. Sections 5.2 
and 5.4. respectively. 

6.3 Calibration Cuwt for I .  

Spectmphotomerer. Dilute 5.0 ml of the 
NaNG rtandard solution to 2W ml witb 
water. Th~s rolution nominally contains 25 
NOrlml. Use thir solution to prepare . 
culibration rmdardr to cover the raws OF 
0.25 lo 3M) lrg NOr/rd.  Prepare a minimum 
of three rrpndardr each for the linear and 
rlighdy nonlinear (dervibed below) range of 
the CUWQ Uw pipet- for all additionr. 
Run standards and a water blank aa 

instructed in Section 4.4. Plot the net 
absorbance vs p~ NOp/ml. Draw a mooL 
curve throu& the points. The curve ahauld be 
linear up to an abrorbance of approximately 
1.2 with a slope of approximolely Q53 
absorbancr uniu/lrg NOr/ml .  The curve 
should pass through the origin. "he curve L 
dightly nonlinear from an absorban& of 1.2 
to 1.6. 

6. Calculalions. 
C p n y  out calculations. retaining at b s t  

one extra decimal fqpr,'wyond that of Lt 
acquired dam. Round off figmcr after find 
caiculation. 

rtandard condittons. 
6.1 Sample volume, dry basis, cometad to 

Where: 
V . w  = Dry gas volume m e a d  by the dry 

V, = Dry ear volume ma m e a n d  by the dry 

Y =Ury gas meiercalibmtion factor. 
X=Cormtim fsctm fmCQ mollmon. 

p s  meter, comcted to rtandard 
conditions. drcm. 

par meter, d m .  

100 

Ir lofJ-%ca(w/v) 

P,,=Baromattic preseurc. mm Fig. , 

P,uStpndard absolute prernrrr. 780 mm Hg. 
T,=Anrage dry gas meter akuiure 

Ta= Standard absolute tempemturn 283 'K. 
temperatm. 'K. 

6.2 Tood NQ Per Sample. 
6 a  Efficiury of Csdmium Reduetion 

Column. Glculatc thir value u fdwr:  

(Eq. 7C-2) 

Where: 
E-Column efficiency. unitleu. 
x=Analyris of spiked 6ample. pg NOr/mL 
yrAnalysis of unrpiked aumple. pg NOr/ 

200=Final volume of sample and blank after 

s=Concentration of spiking solution. fig 

~.~=Volurne of spiking solution added. ml. 
w n  =pg NOrfpmole. 
62.01 =pa N O r / p o l e .  

6.2.2 Total pg NOS. 

ml. 

passing through the colum ml 

NOl/ml. 

[S.W 500 lo00 (2x107 1.5-6) 
m =  - x m x  - x - P 

E 50 100 E 

"(Eq. i C 3 1  

Where: 
mrraMasr of NO, BI NOS. in sample. pg. 
S=Analysis of sampie. WJ NOr/ml .  
B=Analysir of blank. p8 NOi/ml.  
SOO=Totnl volume of p r e p a d  sumpla. ml. 
S-Aliquot of prepared sample procesd 

through cadmium column. mL 
lOO=Aiiquot of KMnOdNnOH wlution. mi. 
1000=Total volume of KMnO~/NeOIi 

molution ml. 
6.3 Sample Concentration. 

m 

V d d  
CSK, - 

Where: 
C-Goncentratlon of NO. as NA. dry basis. 

mg/dsan. 
Kz =lo" m/pg.  * 

8.4 Convanion Facton. 
1.0 ppm NO-1.217 mg Noha at STP. 
1.0 ppm NOl=l.BiZ mg Nodmaat STP. 
I fta=2832x10'~m? 

7. Quality Contml. 
Quelity control procodurns are rpecified in 

Sectiona 4.1.3 (flow mia accuracy): 4.3 
(cadmium column efficiency): 4A (dibmtion 
c u m  accuracyb and 4.5 (audit analysis 
accuracy). 
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Blank data forms are provided on the following pages for the 
convenience of the Handbook user. Each blank form has the 
customary descriptive title centered at the top of the page. 
However, the section-page documentation in the top right-hand 
corner of each page of other sections has been replaced w i t h  a 
number in the lower right-hand corner that will enable the user 
to identify and refer to a similar filled-in form in a text 
section. F o r  example, Form M7D-1.1 indicates that the form is 
Figure 1.1 in Section 3.15.1 of the Method 7D section. Future 
revisions of these forms, if any, can be documented by 1.2A, 
1.2B, etc. Twelve of the blank forms listed below are included 
in this section. Four are in the Method Highlights subsection as 
shown by the MH 

Form 

1.1 

2.2 

2 .4A and 2.4B 

2.5 (MH) 

3-1 (MH) 

4.1 

4.2 

4.3 

4.4 (MH) 

5.1 

5.3 

50.4 (MH) 

6 . 1 A  and 6.1B 

8.1 

- - 
following the form number. 

Title 

Procurement Log 

Wet Test Meter Calibration Log 

D r y  Gas Meter Calibration Data Form (English 
and Metric Units) 

Pretest Sampling Checks 

Pretest Preparations 

Field Sampling Data Form for? NO, 

Sample Label 

Sample Recovery and Integrity Data 

On-Site Measurements 

Analytical Data Form for Analyses of 
Calibration Standards 

NO, Laboratory Data Form for Analyses of 
Field Samples 

Posttest Operations 

Nitrogen Oxide Calculation Fonn (English and 
Metric Units) 

Method 7D Checklist to be Used by Auditors 
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WET TEST METER CALIBRATION LOG 

Test 
number 

* 
Wet t e s t  meter s e r i a l  number 

Range of wet test meter flow ra te  

Volume of t e s t  flask Vs = 

Satisfactory leak check? 

Ma nomet er Final I n i t i a l  Total Flask Percent 
reading, a volume (v,) 8 volume (vi), ' volume, (v,lb volume (v,) , error , C 

rmn%o L L L L % 

Date 

Ambient temperature of equilibrate liquid i n  wet t e s t  meter and reservoir 

I I I I I I 

I I I 

1 

2 

3 

% U S t  be less  

Calculations t 

bv, - Vf - Vi' 

than 10 nun (0 .4 i n . )  H20. 

'% error = 100 (v, - vs)/ve = (21%). 

Signature of calibration person 

Quality Assurance Handbook M7D-2.2 



DRY GAS METER CALIBRATION A FORM (ENGLISH UNITS) 

temp gas temp 

Date 

gas temp of run r a t io  

'i 
( td )  t C  

Calibrated 

in. I+O 

bY 

ft3/min 

Barometer pressure, P, - in.  Hg 

OF 

meter 

OF OF min 

W e t  test 
m e t e r  gas 

volume 
b (V,) # 

f t 3  

~~~ 

Dry tes t  meter 

Cnitial Final z 
Meter box number W e t  test meter number 

Dry gas meter temperature correction fac tor  OF 

W e t  test  
meter 

gas t e m p  
(t,) * 

OF 

-let I Drv tes t  meter I 
gas I Cutlet 1 Average I Time I Average I 

a Dm expressed as negative number. 

V o l u m e  passing through meter. 

The average of t d  

The time it takes t o  complete the cal ibrat ion run. 

With Y defined as the  average ratio of volumes f o r  t h e  w e t  test and t h e  dry  t es t  meters, Yi = Y +0.02 Y for 

ca l ibra t ion  and Yi = Y - +0.05 Y f o r  the  posttest checks; thus,  

Dry gas volume is minimum f o r  a t  l e a s t  f i v e  revolutions of t h e  m e t e r .  

and t if using two thermometers; t h e  ac tua l  reading i f  using one thermometer. 
% 

i 

- 

yi - Vd (t, t 460°F) (P,) 

With Yr defined as t he  average r a t i o  of volumetric measurement by w e t  test meter to rotameter. 

Tolerance Yr = 1 2 0 . 0 5  for ca l ibra t ion  and Y 3 . 1  f o r  posttest checks. 

I 

;% , ., . 
Quality Assurance Handbook M7B-2.4A 



DRY GAS METER CALIBRATION DATA FORM (METRIC UNITS) 

Wet t e s t  Rota- Wet t e s t  Dry t e s t  meter 
meter meter meter gas gas volume 

pressure set t ing volume (vd)Pb L 
b drop (RBI, (Vm) 1 

(Dm)  , a 

€50 cc/min L Initial Final 

Wet test I n l e t  Dry t e s t  meter 

gas temp temp gas temp gas temp of run ra t io  
meter gas ’ a t l e t  Average Time Average 

(t 1 ,  (t 1 ,  ( t d )  I ( Y , ) , ~  ( Y  
dl ri 

(tw) ? 

OC OC OC OC min 

V, (ta + 273OC) [Pm + (~m/13.6)] e\ Y1 + Y2 + Y3 

3 

With Yr defined as the average r a t io  of volumetric measurement by wet t e s t  meter t o  rotameter. 

Tolerance Yr = 1 20.05  for  calibration and Y 20.1 for post tes t  checks. 

Quality Assurance Handbook M7D-2.4B 



FIELD SAMPLING DATA FORM FOR NOx 

Total Total vm AV6 Avg 

avg dev 

V avg 

Quality Assurance Handbook M7D-4.1 



SAMPLE LABEL 

Plant city 
\ *  

S i t e  Sample type 
Date Run number 
Front rinse 0 Front f i l ter  a Front solution 0 
Back rinse 0 Back f i l ter  Back solution 0 .. 

m 

a 

p: 

Solution Level marked 
V o l u m e :  I n i t i a l  
C 1  eanup by 

-2 
5 

Final 

Quality Assurance Handbook M7D-4.2 



SAMPLE RECOVERY AND INTEGRITY DATA 

Sample 
number 

1 
2 
3 
Blank 

Plant Sampling location 

Sample Date Liquid Stored 
identification of level in locked 

number recovery marked container 

Field Data Checks 
Sample recovery personnel 

Remarks 

Signature of field sample trustee 

Laboratory Data Checks 
Lab person with direct responsibility for recovered samples 
Date recovered samples received 
Analyst 

Remarks 

Signature of lab sample trustee 

Quality Assurance Handbook M7D-4.3 



ANALYTICAL DATA FORM FOR ANALYSES OF CALIBRATION STANDARDS 

Standard 
iden t i f i e r  

Std 1 
Std 2 
Std 3 
Std 4 

Plant Location 
Date Analyst 

Instrument response (y) Predicted 
Standard peak height or area count standard 

concentratio: (x) mm concentration (P) k v i a t i c  
(pg/ml NO3 ) 1 2 3 Avg ’ (w/d  No3-) (%I 

Equation for Linear Calibration Curve, Average Response as a Rmction of Standard 
Concentration 

where : 
y = instrument response (mm or area count) = 

m = calibration curve slope mm or area count - - 
w N 0 3 - / d  

x = standard concentration (vg NO -/ml) = 

b = I = intercept term (mm or area count) = 
3 

Predicted Standard Concentration (P) 
Average Instrument Response ( y )  - Intercept (I) P (vg N O ~ - / ~ I )  = 

Calibration Curve Slope (m) 

P ( for  first standard) = t I - (  L IJ g NOj-/ml 
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NO LABORATORY DATA FORM FOR ANALYSES OF FIELD SAMPLES 
X 

Field 
sample 
number 

Field 
Blank 

Average 
Instrument Concentration of Concentration of 

Analysis response (y) analysis samele analysis samele Deviation 

Is t 
2nd 

(lJs/d NO3 1 (%I  number (mm or area counts) (ug/ml NO3 ) 

S =  

1st 
2nd 

S =  

1s t 
2nd 

S =  

1st 
2nd 

B =  

Instrument Response (y) - Intercept (I) Concentration of = 
Analysis Sample 
(ug ~o~-/ml) 

Calibration Curve Slope (m)  

- (  I - (  Concentration - 
(of first sample) 

Deviation 
(PI 

- Sample Concentration - Average Concentration loo% - 
Average Concentration 

Deviation 
(of first - I  - I - (  x 100% = . standard set) 
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NITROGEN OXIUE CALCULATION FORM (ENGLISH UNITS) 

Sample Volume 

V P  . dscf ---- = 17.64 X Y m bar = 
"m( std) m 

Equation 6-1 

Total ug NO2 Per Sample 

Sample Concentration 

m - - x low5 lb/dscf C = 2.205 x lo'' ---- 
"m( std) Equation 6-3 

Sample Concentration in ppm 

PPm NO2 6 ppm NO2 = 8.375 x 10 C = __ __ __ - Equation 6-4 
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NITROGEN OXIDE CALCULATION FORM (METRIC UNITS ) 

Sample Volume 

. ---- I , X =  3 ---- m , ~ =  ----- v* = 0.0 

V P  
= 0.3858 X Y m bar = 0.0 ---- dscm Equation 6-1 "m( std) 

Tm 

Total Frg NO2 P e r  Sample 

m = 3710 (S - B) = - -_ . - -  ug of NO2 

Sample Concentration 

= mg N02/dscm 
m 

"m( std) 
---- c = 

Sample Concentration in ppm 

ppm NO2 = 0.5228 C = ---- PPm NO2 

Equation 6-2 

Equation 6-3 

Equation 6-4 
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METHOD 7D CHECKLIST TO BE USED BY AUDITORS 

- 
Yes 
- 
No Comment OPERATION 

PRESAMPLING PREPARATION 

1. Knowledge of process conditions 

2. Calibration of per t inent  equipment, i n  par t icu lar ,  
the dry gas meter and rotameter. prior t o  each f i e ld  
test 

ON-SITE MEASUREMENTS 

3. 

4. 

Leak-testing of sampling t r a i n  after sample run 

Preparation of absorbing solut ion and its addi t ion  
t o  impingers 

5. Constant sampling at  less than 500 cc/min 

6. Measurement of C02 content 

7. Recording of per t inent  process conditions during 
sample collection 

8.  Maintaining the probe at a given temperature 

POSTSAMPLING 

9. Control sample analysis - accuracy and precis ion 

10. Sample al iquot t ing techniques 

11. Ion chromatographic technique 

a. Preparation of standard n i t r a t e  samples 
( P i p e t t m d  
b. Calibration f ac to r  (+7 - % for all standards, 
optional ) 
.c. Adequate peak separation 

12. Audit r e su l t s  (210%) 

a. Use of computer program 
b. Independent check of calculat ions 

COMMENTS 
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